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Preface to the Third Edition 


The third edition of the book ‘Rudiments of Computer Science’ has been thoroughly revised 
and updated based on the bifurcated syllabus of Computer Science and the new question 
pattern introduced by the WBCHSE in recent years. 

Some of the chapters on programming have been restructured and rewritten for a better 
understanding of the subject. To cater to the needs of the students, more worked out programs 
have been included in a separate section at the end of each chapter on programming. More than 
500 multiple choice questions have been included in total and their answers given at the end 
of the book, Numerous short answer type and long answer type questions are also included at 
the end of each chapter. For the chapters on programming, more programming problems have 
been included at the end of each chapter to reinforce the learning experience. 

Iam grateful to various people who have helped me in taking out this book. First and foremost 
Iam thankful to Sri Dipankar Dhar of Academic Publishers for giving me the time required 
to incorporate the updates before the publication of this book. I am thankful to my family for 
their support and also to South Point High School for granting me the permission to write and 
publish the book. 

Thanking everyone associated with the publication of this book and hoping that the book will 
help both teachers in teaching the subject and students in understanding the same. 


September 2, 2015 


Joyrup Bhattacharya 
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Preface 


The book ‘Rudiments of Computer Science’ has been written based on the new divided syllabus 
of Computer Science for the plus two level of the Higher Secondary course as introduced in 2007, | 
have been teaching the subject for almost a d . After the revised curriculum for Computer Science 
es XL and XI combined) was introduced in 2001, there were no good books available that could 
fully cater to the needs of the students, Accordingly, they had to refer to several books to cover 
the complete syllabus, However, since most of the books followed were for the college level, students 
found them difficult to study. To help them overcome this problem I had prepared various study 
materials which had then helped the students immensely in understanding the subject. 


Two years back, Sri Dipankar Dhar of Academic Publishers approached me to write a book on Computer 
Science. I thought of compiling and rewriting those class notes in the form of a book. The book has 
been written keeping in mind the difficulty faced by students in understanding certain topics and 
programming concepts. These topics have been covered accordingly with plenty of explanatory diagrams 
and examples. Moreover, the book has been printed in bi-colour (thanks to the publisher) to highlight 
the important sections and make the diagrams vivid and easy to understand. More than a hundred 
worked out C programs have also been included. A special section has also been included at the end of 
each chapter on C to illustrate various common programming mistakes, Hope these will help the 
students in getting a better understanding of the concepts. 


To help locate different topics easily the book includes a full fledged general index, C- program index 
(both program-number wise and topic wise), C keyword and library function list, DOS and UNIX 
command list, acronym list, ASCII character list, list of various ‘differences’ covered in the book and 
other enhancements and value additions. 

Tam grateful to those who have helped me in writing this book. First and foremost I am thankful to Sri 
Dipankar Dhar for his immense patience as he had waited for more than two years to finally publish 
this book, I had never found him impatient or angry for submitting the chapters between long intervals! 
1am thankful to my colleague Sri S. K. Shee for giving me valuable suggestions for some chapters. I 
am also thankful to my students Anshuman Pal, Aritra Bose, Shrey Shubham, Asmit De, Mouktik 
Sarkar, and Arkaa Dev Roy who have sincerely carried out the proof-reading of the book. If the reader 
encounters any mistake or typographic error in the book, I request the reader to kindly inform the same 
at the publisher's email address so that the mistake can be rectified in the next edition. Other suggestions 
to improve the quality of the book will also be entertained. I am also grateful to Arjun Pakrashi for 
helping me in collecting various material for the book and to Mainak Basu for preparing the index for 
the book. I am also thankful to my wife for her undaunted support and finally I thank South Point 
School for granting me permission to write and publish this book, 

Thanking everyone associated with the publication of this book and hoping that the book will cater to 
both teachers teaching the subject and students in understanding the same. 


Doljatra 
28 February, 2010 
Joyrup Bhattacharya 
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Detailed Syllabus of Computer Science 


CLASS XI 
(Theory-70 Marks, Practical-30 Marks) 


A. BRIEF REVIEW OF COMPUTER SYSTEMS ; (30 MARKS) 


(i) Evolution of Computers and Computer Organization : @ ~» Temp of one Facts 
Q Evolution of Computers 


. 


Abacus, Napier's Bone, Pascaline, The Babbage Machine 
Stored Program Concept, Von Neumann Concept/Architecture @ Random Facts. 


QQ Computer Hardware Generations 


. 


First, Second, Third, Fourth and Fifth Generation of Computers; 
Components, Advantages, Disadvantages 


OQ Concept of Circuit Integration . } de milions L Short Noten 


SSI, MSI, LSI, VLSI, ULSI 


Q Classification of Computers 


ooo 


Analogue, Digital, Hybrid Computers 
Mainframe and Super Computer 
Mini, Micro, Laptop Computer 


Computers in Modern Society 
Concept of Data and Information, Data Processing 
Brief description of each functional block of a computer 


Block Diagram of a Computer System 


Input Devices (Keyboard, Mouse, Scanner, Touch Screen, OMR, OCR, MICR, Graphic Tablet, Barcode 
Reader, Light Pen, Microphone, Joystick) 
Output Devices 


+ Monitor - CRT, LCD 


* ae ~— Impact Printers (Dot Matrix Printer), Non-Impact Printers (Inkjet Printer, Laser Printer) 
* otter 


Central Processing Unit : CU, ALU 

Storage Devices 

* Primary Memory : RAM (DRAM, SRAM), ROM (PROM, EPROM, EEPROM, UVPROM) 

* Secondary Memory : Magnetic Media (HDD, FDD), Optical Media (CD, DVD, Blue-Ray Disk) 
* Cache Memory 

+ Flash Memory 

Communication Bus 

* System Bus - Address Bus, Data Bus, Control Bus, Power Bus 


(ii) Data Representation : 
O Number Systems 


Concept of Non-Positional Number System 

* Roman Number System 

Concept of Positional Number System 

* Decimal, Binary, Octal and Hexadecimal Number System 

Conversion 

* — Inter-conversion between Decimal, Binary, Octal and Hexadecimal Numbers (Whole numbers and 
Fractions, using Double Add and Half Add Methods) 

Arithmetic 

+ Addition, Subtraction — Decimal, Binary, Octal and Hexadecimal Numbers 

* Multiplication, Division - Binary Number System only 

Different methods of Negative Number Representation 

* — Signed Magnitude 

* — One's Complement 

* Two's Complement 

* — Subtraction using Complements (1's, 2's, 7's, 8's, 9's, 10's, 15's, 16's complement) 


Q Various Binary Coding Schemes 


BCD 

EBCDIC 

ASCII 

ISCIl 

Gray Code 
Excess-3 Code 


Q Concept of Fixed and Floating Point Numbers 


Difference between fixed and floating point numbers 
Concept of normalised numbers 
Floating point arithmetic (addition, subtraction, multiplication, division) 
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O Bit map representation of images 
(iii) Boolean Algebra 


* Definition and postulates. 
* Boolean operations - OR, AND, NOT 
* — Proof using identities and truth tables _ 
* De’ Morgan's Theorems and Basic Principle of Duality 
* — Deriving truth table from Boolean expression and vice versa 
* Sum of Product (SOP) Expressions (using min-terms) 
* Product of Sum (POS) Expressions (using max-term) 
* Canonical form of Boolean expressions and their complements 
* — Simplifications (Algebraic method, K-map method up to 4 variables) 
+ Use of Don't Care terms 
+ Logic Gates - OR, AND, NOT, XOR, X-NOR Gates 
* Universal Gates - NAND and NOR Gate 
* — Basic gates using Universal Gates 
* Two Level Circuits 
* Combinational Circuits : 


* — Half Adder & Full Adder (definition and representation) 

Full Adder using Half Adders only 

Half Subtractor & Full Subtractor (definition and representation) 

4 bit Adder and Subtractor Circuit 

Multiplexer (4x 1) and De-multiplexer (1 x 4) 

Decoder (Maximum 3 bits), and Encoder (Decimal to Binary, Octal to Binary) 


B. SOFTWARE AND LANGUAGES : (20 MARKS) 


* — Definition of Software 
* — Programming Languages : Concepts of High Level, Low Level and Assembly language 


* Types of Software 
Q System Software 
« Translator — compiler, interpreter, assembler 
* — Operating systems : 
* — Definition and Function 
* Types of OS — Single User, Multi-user, Multiprogramming, Multiprocessing, Time Sharing 
* — Booting (cold and warm), Spooling Buffering, Concept of Virtual Memory 
* — Directory and file Structure, Path and Pathname 


Concept of GUI, CUI with examples 
Using MS DOS (commands and their use - DIR, MD, RD, CD, COPY, CON; MOVE; REN, DEL, TYPE, 
MORE, ATTRIB, EDIT, DATE, TIME, CLS). Concept of Batch’ File 

«Using MS Windows OS. 

+ UNIX OS (Commands and their use - chmod, cd, pr, cp, cat, rm, mdir, Is, vi, mkdir, more, my, mail, who), 
Use of Wild Card, File Permission, Concept of Piping, UNIX shell 

+ — Application Software (definition and example) 

+ — Utility Software (definition and example) 


C. PROGRAMMING : (20 MARKS) 
* Concept of Algorithm and Flowchart 
Introduction to C 
Character Sets, Keywords, Constants, Variables, Operators in C 
Data types in C 
Header files 
Input / Output operations 
Control structures 
Loop structures 
Functions (user-defined and common library functions) including recursive function 
Array (one and two dimension numeric array) 
Basic concept of Pointer and String 
Structures 
Problem solving 


D. PRACTICAL : (30 MARKS) 
Q MS-Windows / UNIX / LINUX / Operating System Commands — (5 Marks) 
Q_ Programming in C (Algorithm / Flow Chart, Coding, Execution) ='(15 Marks) 


* One program using branching and loop (5 marks) 
* One program using Function, Array, String, Structure (10 marks) 
O Laboratory Copy (must have minimum 20 programs from topics in class 11) - (5 Marks) 
6 programs on control structures 
4 programs on array manipulations 
4 programs on string manipulation : 
2 programs on structure manipulation 
4 programs on functions 


Q Viva Voce - (5 Marks) 
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Spy a 
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4. A Brief History of Computers 


Brief History of Development 

The Babbage Machine 

Stored Program Concept 

Von Neumann Concept 

Difference between Calculator and Computer 

Computer Generations 

SSI, MSI, LSI, VLSI, ULSI 

Classifications: supercomputers, mainframe, mini, micro 
Analogue, Digital and Hybrid Computers 

Computers in Modern Society 


2. Data Processing and Computer Organisation 


Data and Information 
Computer System 
Input Devices 

Output Devices 
Memory Unit 

The Processing Unit 
Storage Devices 
Communication Bus 


3. Data Representation 


fe! 


What is a Number System 

Corversion of Integer Values from one system to another 
Conversion of Fractional Values from one system to another 
Arithmetic Operations in various Number Systems 
Representation of Signed Numbers using Complements 
Various Binary Coding Schemes 

Bit map representation of images 

Concept of Fixed and Floating Point Numbers 


Boolean Algebra and Logic Gates 


Basic Boolean Operations 

OR, AND, NOT Operations and Truth Tables 

‘Switching Circuit Equivalents 

Boolean Algebra Rules and Proof by Perfect Induction 
De’ Morgan's Theorerrs & Basic Duality of Boolean Rules 
SOP, POS, Min Term & Max Term Expressions 

Genonical form of Bookan Expressions and their Complerrents 
Techniques for Simplification: Using Karnaugh Map 

Logic Gates: AND, OR, NOT, XOR, NAND, NOR, XNOR 
NAND and NOR Gates as Universal Logic Gates 

Worked out problems on Logic Gates 


binational Circuits 

General Description of Combinational Circuits 
Adder Circuits 

Subtrador Circuits 

Multiple-bit Adder and Subtractor Circuits 
Multiplexer Circuit 

De-multiplexer Circuit 

Decoder Circuit 

Encoder Circuits 
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6. Operating System 


* Software and its Types 6-1 
* Operating System 6-4 
* The Disk Operating System (DOS) 6-11 ) 
= Windows Operating System 6-22 
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= UNIX Operating System 6-34 sagas 
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8. Programming in C: General Concepts 


» Introduction 8-1 

* Structure and Components of a C Program 8-1 

* Types of Data 8-6 

* Constants and Variables 8-8 

= Declaring Constants 8-9 

= Declaring Variables 8-11 

« Writing, Compiling, and Running a program in C 8-12 

9. Input / Output and Simple Calculationsin C 

«Introduction 9-1 

» Formatted text output: the printf ) function 9-1 f 
+ Formatted text input: the scanf() function 93 ten peoninalcos ae : 

‘itso and 


« More onthe use of Format Specfiers and Escape Sequences 9-6 
* Unformatted text output: the putchar() and puts() functions 9-11  } si % 
» Unformatted text input: the getchar() and gets() functions 9-12 he program was ERNE meant, 


* Sore Basic Operators and Simple Calculations 9-13 Nit was posible. 
= Operators and Data Types 9-15 
* Some worked out examples 9-19 
40. Decision Making and Branching in C 
= Introduction 10-1 
« The Relational Operators 10-1 
» The if-else statement 10-2 
* The Logical Operators (AND, OR, NOT) 10-10 7 % 
* The Conditional Operator ( ? : ) 10-16 Pia Wik omaixo 
* The switch-case-default structure 10-19 : Ore dering. 
« Some worked out examples 10-22 
41. Using Loops inC 
« Introduction 1-1 
* Concept of a Loop 11-2 
* The while Loop 11-6 
«The break statement 11-14 
* The continue statement 11-15 
* The do-while Loop 11-16 
* The for Loop 11-18 
* Sore worked out examples 11-24 
412. Functions inC 
«Introduction 12-1 
* The Working of a Function 12-2 


« Defining a Function 12-3 


Rudiments of Computer Science 


Function Recursion 
Storage Classes 
Some worked out examples 


43. Arrays in C 


Introduction to Arrays 

How to declare an Array 

How to enter and read data from an Array 
Multi Dimension Arrays and Matrices 
Arrays and Pointers 

Some worked out examples 


44, Strings inc 


45. 


What are Strings? 

Entering and displaying Strings 

Matrix and Strings 

Soire Library Functions available to handle Strings 
Pointers and Strings 

Some worked out examples: 


Structures and Unions in C 


What is a structure? 
How to declare a structure 


+ Howto Enter and Read Data froma Structure 
» Array of Structures 

* Passing Structures to Functions 

* Union 

* Some worked out examples 
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CHAPTER4 


ee SAlBriet History ont 
aes Brief History of Development wGniet History of Computers 
"« The Babbage Machine 

pred Program Concept 


n Neumann Concept - 
ifference between Calculator and Computer 13 


mputer Generations 


i im re being derived from the word ‘Computing’ which mainly involves counting. Stone 
ge people used pebbles or made scratch marks on the cave walls to count the number of cattle they 
had. Whenever a newborn was there, they added another pebble and when someone died they removed one. 
In this way they kept record of their daily store. Consequently they used their fingers for counting. 


All these techniques were slow and difficult to maintain when the total number of entities increased. 


Subsequently newer techniques and gadgets were developed to assist in their daily work. 


The Abacus probably is the oldest counting machine and was developed around 500 
B.C. It consists of a wooden frame with rods and columns of bead on them for counting. 
A crossbar usually separates the beads into two sections. By moving the beads one can 
make additions and subtractions. It is still used in China and Japan. 


Abacus 


The first device to help in multiplication and division was developed by John Napier. ay 
Napier designed a system of ivory rods in early 17 century on which were etched _ 
several numbers based on the table of logarithms. The rods are better known as Napier's 
Napier’s Bones. To multiply two numbers one has to simply add two numbers and get Bones 

. the results using the principles of logarithm. 
Next came Pascal’s Adding Machine which was also called the Pascaline. It was ay 
developed in 1642 by the French mathematician and philosopher Blaise Pascal (1623- 
1662), the 18 year old son of a tax collector. It was a mechanical calculator made of Pascaline 
gears and wheels and could do additions and subtractions in base 10. This was the first 
calculator that could automatically do calculations once the numbers were fed to it. 
Later on in 1694, the French mathematician Leibnitz (1646-1716) designed an improved mechanical ay 
calculator by studying Pascal's original notes and drawings. The machine could do multiplication and division ative 
as well, along with addition and subtraction. sicalater 
1.2 The Babbage Machine | OO ee a ea el 
Charles Babbage (1791-1871), a professor in Cambridge University, is regarded as the 
father of modern digital computers. In 1822 he developed the Difference Engine ay 
that was later used to produce astronomical tables for an observatory in Albany, New Bee inti 
York. The machine mainly calculated polynomials (i.e. expressions of the form ax + Engine 


AniX™! + apoX™2,..40# aox”) based on the method of differences. 


Later in 1842 he came up with the idea of the Analytic Engine, which became his 
lifetime project. The machine was designed so that the user could feed in a sequence of 
instructions, and the data on which to work. The machine could then store and execute ae 
the sequence of instructions. The hardware technologies required to build it were much ahead of his time and 
the final machine could not be constructed successfully. But his design featured certain modern 
concepts like storage capacity, a typewriter for an input device, punched cards for storing programs and a mill 
that could do additions in 1’s. The basic concepts developed by Babbage are the basis for digital 


computers even today. 


. 1 P4-1-1 


Tabulating 
Machine 


|500 B.C. Abacus 


/1617 Napier 
Bones 
1642 __ Pascaline 
1/1694 _—_ Leibniz 
Calculator 
'1822 Difference 
Engine 
1890 Tabulating 
Machine 
1944 Mark-1 
1946 ENIAC 
| 1949 EDSAC 
1950 EDVAC 


UNIVAC-1 


A = 
set of instructions 
indicating to the 
‘computer the 


ENIAC 


Von Neumann 
Architecture 


Part 1: Chapter 1 


4.3 Stored Program Concept 

To create complex designs automatically on woven cloth, a French weaver named 
&d Joseph 3 
8Cquarg 


invented a system of punched cards in early 1880's. The machine operated b 
communication i.e. holes and no holes. The punched cards controlled the mov ased on a binary syste 
resence or absence of holes in the card. Thus an effective means of ibcenonion of the threads - Of 
d the Jacquard’s loom worked as per the patterns stored theese machines = 
S. § 


Meantime in the US, the 1880 Census too 
results. The Census Bureau organised a ak. Lr op to tabulate th 
the next Census. A mathematician named Herman Holler faster methog i> 
His Tabulating Machine (picture shown on the left) was "s h was the winno, 
of punched cards and his machine could automatically i the principle 
punched onto cards. The data was coded by a combinati eae data 
holes on the card. A device called a tabulator was used pe Of puncheg 
When the cards were passed through the tabulator, electrical ni the data, 
the holes were used to read the data. Using Hollerith’s ifachine — through 
Census took only 3 years to complete. His Tabulating Machine ciftmary US 
Was 


a predecessor to the International Business Machines Corporation (IBM). 

The idea of programming was thus slowly getting developed. Later when computers became more c 

the number of operations to run the computers also increased in number and complexity. The control ra 
pu 


and output devices, transfer of data from the storage devices to the logic unit, processing of data — all th 
require a series of instructions to be carried out in a particular sequence. All such operations are controlled by 


sets of instructions called programs. 
A program Is thus a set of instructions indicating to the computer the exact sequence of steps that 


must be followed to process a given set of data. 


p 
developed by him an 


In stored-program computers, memory locations with proper addresses store both data, and instructions that 
operate on the data. The program consists of step-by-step instructions to process the data, which is prepared 
ld be the input for processing or could represent 


beforehand, by a human programmer. The data cou 
intermediate results. The instructions, which are loaded into the processor for execution, contain data 
addresses that can themselves be modified by programs if required. No human interaction with the computer 


is needed during the execution — the controller does all the necessary sequencing and directing of data. 
it usually reads from a fixed memory location and carries out the instructions 
This is generally called booting. Hence modern day computers need 


When a computer switches on, 
lassical counterparts where the machines worked on a one to one 


to make it functional and useful to a user. 
stored programs to function unlike their c 


basis. 
4.4 Von Neumann Concept/ Architecture 
> stat Jeg 
; =) 


With the beginning of the Second World War much research went into the 
development of computers that could be used to quickly calculate charts for 
firing a variety of new weapons used by the U.S. army. Finally the Electronic 
Numerical Integrator and Computer or ENIAC was designed and built at the 
university of Pennsylvania and went into operation in 1946. It used the 
decimal number system, instead of binary. The ENIAC was used for a variety of 
purposes including scientific research, calculating range tables for missiles, and 
weather prediction (picture of ENIAC shown on the right). = 

However before it could perform a task, it sometimes took hours to set up the wiring and thie wine 7 ‘ 
program that would execute in seconds. To overcome these problems and to set up a generalise? Sarees 
machine, the project team members of ENIAC set about developing the Electronic Discrete a oxisting 
Computer or EDVAC. The design of EDVAC featured more internal memory than mi ie stopped 2 


computing device as well as the conditional control transfer that allowed the computer 
tist joined the EDVAC team 


any point and then again resume work. 
illi jan scien gives 
a brilliant Hungaria ‘he concepts of the “five 
n 


In the mid 1940s John von Neumann (1903-1957), 
and published a 100-page paper called the "First Draft". The draft contained ihe VO Neumann 
function computer” and of the stored program. This concept is also known as 


Architecture of a modern computer. 
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Rudiments of Computer Science A Brief History of Computers 


The five functions—memory, processing, control input, and output detail 
Ing, ' ' = a design for the purel 
mathematical concept of a generalised computer called a Turing Machine feoncapy waleliged a —y 
British mathematician Alan Turing, 1912-1954, also one of the founders of computer science), independent of 
the type of hardware used. Different kinds of hardware components can carry out these functions—for | Turing 
Machine 


1. An Input Unit 

2. Acentral Arithmetic Logic Unit (ALU) 
3. Acentral Control Unit (CU) 

4. AMemory 


5. An Output Unit 
=e on Neumann's concepts, in 1949 the Electronic Delay Storage Automatic Calculator or EDSAC was —y 
made and used at the Cambridge University London. Though it was not a binary logic based computer but 
was the first stored program electronic computer. EDSAC 


The term “von Neumann architecture” is also often used to distinguish the sequential approach of computer 
design from parallel processing designs in which there are several processors working simultaneously to 
solve a problem and from neural networks where a pre-written program is not required. The neural 
network computing system is based on the working of the human brain, which learns to perform functions 
rather than having functions programmed into it. Unlike the structure of a brain, a conventional computer has 
3 single processing unit for all data. A neural network is more brain-like, with a large number of simple 
processing units, which parallely process a small proportion of data. 


1.5 Difference between Calculators & Come uters 
A computer can 


The major difference between a general Purpose calculator and a computer is that a calculator can 
execute mathematical expressions based on inbuilt permanent instructions and in general is not “ is ee 
designed to derive at conclusions based on logical decisions as well. On the other hand a computer can be head geen 
programmed to solve specific problems and deliver the results after mathematical and logical conclusions. i ace cera 
(We are not considering programmable calculators, as these also have certain limitations), Rati Tee 


For example a calculator can be used to find the average of the marks obtained by students in a school. But 
to find the total number of students who have secured marks between 80 and 90 in mathematics you need a 
computer program, as it needs logical decision to be taken by comparing the marks obtained by a student, to 


the range of marks specified and then arriving at the decision. 

Comparison between a Calculator and a Computer: ay 

Similarities: 1. Both need electrical power to work Calculator & 
2. Both have an input device like a keypad or keyboard Computer -A 
3. Both have a screen to display the results Comparison 
4. Both have memory to store data and the results 
5. Both can do numerical calculations 

A computer can do bigger and more complex calculations than a calculator 

2. A computer has more memory when compared to a calculator 

3. A computer can do other tasks in addition to calculations, and can do several jobs 


simultaneously 
4. A computer can be programmed in various languages whereas a calculator has no 


such facilities 


1.6 Generations of Computers 
Computer 


Depending basically upon the kind of 
electronic switching device used for Generations 
stori ivi Mey 
ring numbers, we can divide the ))\ 
development of commercially available 
Vacuum Tube Transistor Integrated Circuit (IC) Microprocessor 


computers into five different categories or 
Generations. Earlier the term generation was used to indicate the different hardware technologies, but 
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Part 1: Chapter 1 


presently both hardware & software technologies together form the basis of the computer 
figure above shows the relative sizes of the different components used in each generation tine : 
'e 


¢ First Generation (1942-1955) — The age of the VACUUM TUBE 


The earliest form of computers built towards the end of 1930's like the 
Harvard Mark 1 (also called the Automatic Sequence Controlled lv Se > 
Computer or ASCC) operated by the use of relays and was an — es 
electromechanical device. It was the first fully automatic information- | mise 
processing machine and could complete lengthy computations without E 
human intervention. The machine took 3-5 seconds per calculation and : 
had an overwhelming size of 51 feet (length) by 8 feet (height). It could perform aj the fy 
= NOY 


eer arithmetic operations and could handle logarithms and trigonometric functions. It used punched cargg « 
data input and electromechanical switches or relays for storing data. These were very slow ang Me 


Re 723 
ratio 
used 


n 


“The ENIAC || operate at a very si i ; 
“contained about pe ry slow rate of about a hundred times a second 

| 17,450 vacuum The vacuum tube (picture on the right) invented in 1906 by the 
tubes and 5 million American Physicist Lee De Frost formed the basis for the first 
Useeeneedcl 5 electronic computers and soon replaced the electromechanical 
nee relays. Vacuum tubes did not have any moving parts and 
' more than 25 tons could switch 

Fond Ganciined uld switch several thousand times a second and worked much 
| nearly 150 kW of faster than a relay. However it consumed huge electrical power. 


While the ENIAC commissioned in 1946 was the world’s first general purpose electronic computer, th 
UNIVAC-1 (UNIVersal Automatic Computer, shown in the picture above) was the first general-purpose 
electronic digital computer designed for commercial use. It was started in 1946 and completed in 
1951. It could do about 8000 additions/sec and about 250 divisions/sec. The UNIVAC’s input consisted of 
magnetic tape. There were about 3000 installations of first generation computers. 


e Second Generation (1955-1964) — The age of the TRANSISTOR 


The introduction of semiconductor components marked the beginning of the second generation of 
computers. Vacuum tubes consumed a large amount of power. Transistors invented in 1947 at the @ 
Bell Laboratories (see picture on right) were made of semiconductor materials and required no heating 
element or vacuum and effectively required much less power to operate. Transistors could switch 
also at a much faster rate of several hundred thousand times a second. The IBM 1401 and IBM 1620 


became universally accepted machines during this period. 


electrical power 


With the use of transistors, though the general size of the computing machines decreased but as computers 

5 became more and more powerful, more and more transistors needed to be used. Like other electronic 

cive components this meant more and more transistors needed to be soldered into the circuit boards and the 

44, WHICH F) likelihood of faulty wiring also increased. The number of transistors being large and in the order of 10,000, 
-4| the heat generated was enough to damage the computer's sensitive internal parts. 


This led to the development of the integrated circuit (IC) by engineers at Texas 
Instruments in 1959. The IC combines the electronic components onto a small wafer of 
silicon only several millimetres thick. Integrated Circuits began to replace discrete 
transistor circuits used in second-generation machines resulting in substantial 
reduction in physical size and cost. By 1965 semiconductor (IC) memories began rep 
memory designs. Important members of the third generation of computers include the IBM's Sy 


series, UNIVAC 1108, RCA 3301, GE 645, Honeywell 200 series etc. 


e Fourth Generation (1971-1985) — The age of the MICROPROCESSOR (1p) 


With the evolution of IC technology more and more transistors were packed inside a single 
silicon chip. VLSI & ULSI Technology helped to fabricate ICs with thousands and 
later millions of transistors on a single IC Chip and marked the basis for the fourth 


generation of computers. 
Initially the CPU. of an IC based computer was of the size of a refrigerator with several ICs 
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th a particular function), several transistors and other electronic components used to make the CPU. 
Later, instead of using various individual parts, an entire CPU was fabricated on a single silicon chip 
that could also be mass-produced at a very low cost. Thus millions of transistors were packed onto the single 
IC in the process, to produce a microprocessor. The first microprocessor chip, the 4004, was 
developed by Intel in 1971, which ushered in the first microcomputer — the predecessor to the modern day 
PC. The 4004 could process 4 bits of data in parallel. It was also the first commercially available 
microprocessor that could be programmed for different tasks. 


In a microprocessor since the transistors are smaller and closer together, they can also turn on and off 
faster, at tens of millions of times a second, resulting in higher performance rates. The Intel 8085, 
8086, 80286, 386, 486, Pentium etc. are microprocessors used in PCs of this era, 


(each wi 


e Fifth Generation (1985-Present) — The age of ARTIFICIAL INTELLIGENCE 


The computer technology of the fourth generation and the fifth generation do not have a distinct 
borderline. But the major aspects of fifth generation computers are to make computers with artificial 
intelligence. The computers should be able to learn from their mistakes. Fifth generation computers 
will be able to accept spoken word instructions and imitate human reasoning. They are used for speech 
analysis, pattern recognition and other complex processing tasks. 


The new technologies that are being used include the concept of parallel processing (with a system of 
many CPUs to work as one) and neural network which is based on the working of the human brain. This is 
a major diversion from the von Neumann architecture containing a single central processing unit design. 


Generation Period --. Characteristics © Di Meets 
Vacuum tubes were used to build these computers (the example contained | 
about 17,450 vacuum tubes!) 

Very large in size (ENIAC required about 28,000 sq. ft. of area) 
Very high power consumption (ENIAC required about 150 kW of power) 
Generated much heat 
Slow processing speeds of the order of milliseconds 
e These were programmed in machine language 


¢ Transistors were used to build these computers 

e These were smaller, cheaper, faster, more reliable and energy-efficient than their 
predecessors 
Computers were commercially available for business and science 
Magnetic core based memories used instead of vacuum tubes 


Machine-independent High Level programming languages like COBOL, FORTRAN, | 


etc. were introduced to simplify programming 
Floating Point Operations were widely used 
The processing speeds of these computers were in the order of microseconds 


Integrated Circuits were used instead of transistors to build these computers 
Smaller, cheaper, faster, more reliable and energy-efficient than their predecessors 
Semiconductor memories used instead of ferrite core memories 

Direct Access Storage Devices (DASD) or disk drives were introduced 


The use of an Operating System allowed machines to run many different programs at 
once with a central program monitoring and coordinating the operation of the computer 
Mass production of small low-cost computers called minicomputers made them suitable 
for a wide variety of applications including industrial control 

The processing speeds of these computers were in the order of nanoseconds 


Microprocessor technology used to build these computers made them smallest in size 
These computers were the cheapest & fastest among all generations 

These minicomputers came complete with user-friendly software packages (like word 
processors etc.) for even non-technical users 

As smaller computers became more powerful, they could be linked together, or | 
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® Based on the concept of parallel processing and neural networks 
e Use PROLOG (PROgramming in LOGic language) for programming 

e Computers to possess basic intelligence to make decisions 

© Capable of being a Knowledge Information Processing System (KIPS) 


—2 


LI are used to indicate the total number of active 
packed into a single IC chip. With the advent of Ic 
technology initially up to 10 components could be fabricated inside a silicon chip and the technology was 
termed as Small Scale Integration. Subsequent developments led to the following technologies: 


Integrated | The terminology SSI, MSI, LSI, VLSI and US 
Circuits | components or transistors that are being 


SSI or Small Scale Integration: Contains less than 12 integrated components like transistors, diodes, 


resistors per chip. 

¢ MSI or Medium Scale Integration: Contains about 12 to 100 integrated components per chip. 

e LSI or Large Scale Integration: Contains more than 100 integrated components per chip. Usually Mos 
transistors are used instead of bi-polar transistors for making an LSI design as these are much more 
compact than bi-polar transistors. 

e VLSI or Very Large Scale Integration: Contains up to hundreds of thousands of components per 
chip. All modern day chips use this technology. | 

e USLI or Ultra Large Scale Integration: Containing more than 1 million components on a single chip, 
Modern day microprocessors like the Pentium, COREi etc. use this technology. 


1.8 Classifications: supercomputers, mainframe, mini, micro, special — 
Depending upon the size and capability of the computers these can also be classified as 
supercomputers, mainframe, minicomputers, and microcomputers/desktops. Thus on one end of the spectrum 
we have the supercomputers and on the other end we have the personal computers or desktop PCs. At 
present, with the rocketing speed at which technology is developing and more and more transistors are 
packed into a single chip, the processing power of the present day computers are increasing by leaps and 
bounds. With more people buying computers than a decade back, the prices of computers are also dropping. 
In this scenario, the distinction between the above different classes is also narrowing down or has 
become relative. The power of a present day high-end personal computer is comparable to the processing 
power of a supercomputer a decade ago. Still the basic distinctions between the above types are given below 
for academic interest. 


Moe 


Classification of 
Computers 


it Seas Sak 


Supercomputers 


e Supercomputer: 


Supercomputers are large computers used mainly in Scientific and 
Research organisations for processing complex scientific data that 
require huge processing power. These are used in research work like 
in atomic collidors, weather forecasting, astronomy, speech analysis, code 
breaking etc. Supercomputers use parallel processing to solve complex 
problems faster than an ordinary computer. These are also the most 
powerful and expensive computers available. The price of a 


> has similar 

‘ computing power as 
- Cray-2 super- 

‘ computer in 1985 


‘It would take 

! 60,000 years for supercomputer can be of the order of Rs. 100 crores. 

, 1,000 people The speed of a supercomputer is generally measured in units of number of floating-point operations pe! 
aa bate rate of 1) second or flops that it can perform. The Cray1 Supercomputer was the first computer capable of 
eekin devour cask performing at over 10° flops. Although faster machines have now been built, Cray1 continues to be use 

“the calculations that and serves as the informal unit of measure for newer supercomputers, some of which now equals 10° ‘Crays- 
Eel a The Chinese supercomputer Tianhe-2 is at present (as on 2014) the world’s fastest supercomputer. I 
p computer: Bunt in. can do about 34x10” calculations per second (speed 34 PetaFlops). Param 8000 built in 1990 is consider 


India's first supercomputer. The Param Yuva II supercomputer built in 2013 can do 524x10 calculations 
Per second (speed 524 TeraFlops). In comparison, a Core i7 desktop PC can do 7x10° calculations per secon” 


The Human Genome Project meant for an understanding of the entire genetic blueprint of a human being 
was an example of the use of supercomputers in recent years. 


“The Hopper 
' Supercomputer 
; contains about... 
2x10° GB of RAM...’ 


2012 can do in one” 
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e Mainframe-computers: 


Supercomputers have limited applications and are too expensive for normal 
use. Mainframe computers on the other hand are the largest type of 
computers after supercomputers, which are put to common use (picture of 
1990 Honeywell-Bull DPS-7 mainframe shown on the right). 


Mainframe computers are used in large organisations such as 
banks, railways, airways, hospitals, etc. that need frequent access to 
the same information and quickly process large number of transactions on- 
line. The information are usually centrally stored in one or more huge 
databases. This requires computer systems with massive data storage and proc 
Mainframe systems are special type of computer systems that meet these criteria. 


These are expensive, large, high-speed multi 


sing capabilities. 


“user systems and are usually housed centrally in several 
large cabinets. Mainframes often Support thousands of simultaneous users who gain access through 


specialised terminals or from smaller computers. Nearly all mainframes have the ability to run multiple 
operating systems, Price of a mainframe can range from Rs. 20 lakh to several crores. 


e Minicomputers: 


These belong to a Class of multi-user computers which make up the middle range of the computing spectrum, 
in between the mainframe computers and the personal computers, In modern times such machines 
are sometimes referred to as workstations (as with Sun Microsystems) and servers. 


These were a product of the third generation of computers and were developed during the 60's. They 
usually took up one or more cabinets the size of a large refrigerator or two, compared with mainframes that 
would usually fill a room. These computers had large memory capacity, faster input/output devices, ran in 
full multi-user mode, used operating systems like VMS and UNIX with multitasking capabilities. These 
often used versions of BASIC for application program development. They were used when the volume of data 
to be processed was large. Typical applications included financial accounting, payroll calculations etc. in an 
Office. 


The first successful minicomputer was DEC’s 12-bit 
PDP-8 (first picture shown on the right) launched in 1964 
at a cost of about Rs. 8 lakhs. IBM’s System38 (second 
picture shown on the right) introduced in 1978 Is an 
example of another important minicomputer series. The 
legacy of minicomputers can still be found in the CPU and 
OS design of today’s PCs, which have evolved by integrating 
the basic features of a minicomputer. 


* Microcomputers: 


The microcomputer came after the minicomputers. These computers were small enough to be placed ona 
desk and cheap enough to be owned by an individual. Home computers (the Apple and the IBM PC), 
workstations, laptops etc. are examples of microcomputers. 


The advent of the microprocessor in 1971 paved the way for microcomputers. The many distinct 
components of a minicomputer’s CPU were fabricated on a single integrated chip to form a microprocessor. 
The earliest microprocessors were basically general-purpose calculator chips. However, with the rapid 
advancement of microprocessor design, microcomputers grew smaller, faster and cheaper. This made the 
Computer affordable to the general people and resulted in its huge popularity. 


Most of the equipment used by a microcomputer is placed within a single case, with some parts like 
the keyboard, monitor, mouse etc. being connected externally. They were designed asa single user 
System. However, some can work as a server computer running a multi-user operating system like UNIX, and 
may cater to several users concurrently, 


The first generation of microcomputers were generally shipped as kits and needed to 

assembled before these could be used. This required technical expertise on the 
Part of the user. However the second generation of microcomputers, also known as 
home Computers, became highly popular as these were basically designed for use 
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So far no computer 
Virus has attacked 
any Mainframe 
computer 


were in between 
mainframes and 
personal 
computers and 
were used to 
process large 
volumes of data 
in an office. 
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Micro 
Computers 


are small enough 
to be placed ona 
desk and cheap 
enough to be 
owned by an 
individual. 
Examples include 
desktops, laptops. 


ee a we we a a eer eee ee we 


| 


Personal 
Computers 
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high p 


microcomputer 
especially with 


Workstations 


. The first successful 
‘laptop was the 
Japanese Kyocera 
“Kyotronic 85,0 
Introduced in 1983 
“Numerous ThinkPad 
: laptops have been 
“used In Space 
Missions like the — 
| Endeavour's flight in 
-1993 to repair the -. 
Hubble Space” 
Telescope cs 


by non-technical people, Home 
accommodated on 
compulers generally | ) 
marketed during the 80s, These con 
64, picture shown on riaht) and used the 


The Altair 8800 was the mictae | 
built around 1975, The Commodora-64 was a very popular 
microcomputer and ls regarded as 
computer of all times. Other home 


Apple IT, and the J 
the Apple IT and the original 18M pC are shown on right), The 


IBM PC used the Intel 8088 microprocessor and came with 
the MS DOS operating system, 


A short discussion on the different microcomputer based computers |s 
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computers are aleo known a8 desktop computers as these cap ™ 
a desk unlike nralafranes Ol minicompulers, which require large room APACE, Home 
‘ ay ; 


ised a 8 bit microprocessor and a large variety of Hebi home COMPULEES Weg 
: computers often Integrated the CPU wilh the keyboard (like the Commodore 
. TV as the VOU and audlo cassettes as secondary storage media, 


first successful microcomputer 


» the best selling home 
computers Included the 


IBM PC Introduced In LOBL (pictures of 


done below: 


basically home computers. The Introductlon of the 


Personal Computors: Personal computers are 
: Due to the popularity of the IBM PC, 


IBM PC In August L98L revolutionised the history of computing, 
within a few years other manufacturers were copying the [BM design and creating replicas of the IBM PC, 
These computers were In turn also termed PCs, Instead of home computers. For this reason the term PC 
is nowadays used to Indicate the range of home computers that Include IBM and IBM 
compatibles, However, strictly speaking the word PC Is a brand model name by IBM and hence should 
not be used to refer to all personal computers. For example the Apple's Macintosh line of computers Is a 
personal/home computer but does not follow the IBM PC design. 


A present day personal computer Is comparable or even better than a mainframe or a minicomputer 
of yesteryears. Current specifications (as of 2014) of a personal computer Include multi-core processors 
(Core i5, \7 etc.) with above 3GHz clock speeds, 4 GB RAM, 500 GB Hard disk drives, DVD combo 
drive, Blu ray drive, vatlous ports like parallel, serlal, and USB, Inbullt sound, graphics, and network 
cards, etc. The CPU In a desktop computer nowadays can even be Integrated with the keyboard-display. 


Personal computers are normally operated by a single user at a time. Varlous types of works that are 
performed by a user on a personal computer Include word processing, Internet browsing, e-mall and other 
digital messaging, multimedia playback, video game play, computer programming, digital Image and video 
editing, etc. Manufacturers also make special OS and application software to be used with a PC, 


Workstations: Similar to a PC, a workstation Is a high end desktop 
microcomputer. Workstations (picture shown on the right), usually offer higher 
performance than a personal computer, especially with respect to graphics, 
processing power and multitasking abilities. However today’s personal computers 
are more powerful than the top-of-the-line workstations of one generation 
before. As a result workstatlons are becoming Increasingly more specialised and 
are usually nowadays used for manipulating complex data related to 3D 
graphics animation, engineering simulation, complex mathematical plots, weather forecasting etc. For 
example the 3D animations used In blockbuster movies like Jurassic Park and Titanic was done in 
workstations. 


Workstation hardware can consist of a high end 64-bit processor like an Intel Itanium-2, large amounts 
of memory, and special 3D accelerator cards. A workstatlon often supports 17” or 21” high resolution dual 
displays to double the viewable Information, Other normal accessories Include Input devices ike 
keyboard, mouse, scanner etc. and output printers. Workstatlons usually run the UNIX operating system 
or some of its variants. The Sun SPARCstation 1+ |s an example of a workstation of the 90s. 


Notebook PC & Netbooks: These are portable battery operated computers and 
are used by people who need mobile computers In thelr fleld of work, like business 
executives, sales people and engineers. These are Ideal for people on the move 
or for giving corporate presentations. The size of a notebook computer Is such that 
it can easily fit Inside a briefcase and are light In weight to carry, These are 
also called laptop computers as these can be placed on the lap while working! 


Notebook computers have a full size keyboard, an LCD/TFT display, trackball or touch-pad mous, flop 
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disk drive, CD-ROM/DVD drive, Serial and Parallel ports, USB ports etc. A typical specification can include a 


high-end processor like an Intel Core-i5, 500GB of Hard disk, 4 ; 2 
ce etc. all packed into a small briefcase like unit. SB RAM, DYD combo ative, £5" Tht 


Netbooks are also portable computers but smaller than traditional laptops. The cost of a netbook is 
lesser than a laptop but the internal components are less powerful than regular laptops. These typically 
have screen sizes of 10 inches. Netbooks are mainly used by college students for doing assignments. 


« Palmtop Computers: These are small battery operated computers, that 
can fit inside the palm of a person and are also called Personal fee 
Assistants (or PDAs). These computers are mainly used by business persons 
to store contact information of individuals, perform task scheduling or to 
browse through emails using an Internet connection. 


Differences Between A Microcomputer And A Supercomputer 


Microcomputer / Personal Computer 


These are small computers commonly found in home 
and office and are used for running application 


Supercomputer. 


These are large computers used mainly in Scientific 
and Research organisations for processing complex 
| programs for doing accounting, word-processing, scientific data, weather forecasting, and other processes 
‘database management, and similar jobs. that require huge processing power. 


These usually use a single processor along with These use parallel processing with multiple 
multitasking capabilities. processors to solve complex problems faster. 


i ; Supercomputers are the most powerful and 
Ls ami teal ‘die ans ey a aaa expensive computers available and costs several crores 


several thousand rupees to up to a lakh. 
; of rupees. 


Example: Personal Computer with a CORE i3 processor. Example: Cray, Deep Blue, PARAM 10000 
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Supercomputer Mainframe Minicomputer Workstation Desktop PC 


4.9 Analogue, Digital and Hybrid Computers 
Based on the working principle, a computer may be classified as an analogue or a digital one. 


¢ Analogue Computers: 


An analogue computer is a form of computer that uses a particular physical property, like the electrical 
or mechanical characteristics of a device to solve a problem. In an analogue device continuous variation of 
a process (like the variable level of water in a tank) is usually measured using a continuous variation in 
a physical quantity (like voltage, current, pressure, torque etc). Subsequently calculations are done based 
on the measured value of the physical quantity and the result or the output is generated in the form of 
another voltage or pneumatic signal. 


As an example of an analogue device, suppose the level of 
water in a tank is to be indicated. A pressure sensitive device 
like a piezo-electric crystal or a strain gauge can be used to 
convert the water pressure, which is proportional to the level of 
the water in the tank, into a corresponding voltage signal. A 
voltmeter can then be used to display the change in voltage as a result of the change in the water level. As 
the water level changes continuously, the voltage generated also changes continuously leading to 
a continuous change in the voltmeter reading. Such an arrangement is shown above with P as the pressure 
sensing device and V as the voltmeter. Notice, as the water level L has changed, so has the voltmeter 
reading. As the voltmeter reading is proportional to the water level, the voltmeter can be calibrated in 
terms of height, to indicate the water level. 
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Plants, Flight Simulators etc. till digital devices, 
- clowly took over. The picture of the Polish Analogue computer ELWAT Is 
| shown to the right. 
| © Digital Computers: 
els to encode a real life situation or process, As such 


discrete electrical voltage lev 


es or variables (like continuous variation of water level In a tank) are encoded as 


which are then expressed as a set of numbers. In general binary numbers are used to 
circuitry of a digital device consists of millions of tiny electrical switches, which 
hese binary numbers and all calculations are carrled 


(0) state representing t 

out using these binary numbers. For example If the colour of an object Is purple, then the colour can be 
expressed as 8 combination of three 8-bit binary numbers representing the three primary colours, as 
Red=10101111 (175), Green=00110110 (54), and Blue=11100000 (224). Thus a physical property Iike 
colour with innumerable shades is quantised and expressed as a combination of finite numbers. This Is 
how a modern day digital picture scanner or a digital camera works. 


le of a digital device, consider measuring the water level In t 
four different sensors S are use 

water level L rises, each sensor gets activated, starting from the botto 
distinct water levels corresponding to the positions of the 
4 sensors. These can then be expressed as a set of 4 
binary numbers as (00, 01, 10, 11). The digital circult C 
then computes the level and displays it In the digital 
display D. However, for two different water levels if the 
number of sensors activated is same, then the same 
output will be shown. The diagrams above represent this fact, as 
output meter, as only two sensors are activated in both the cases. Thus the accuracy of a dl 
limited by the number of different discrete states that 
may be increased by increasing the number of states that it uses to represe 


this case by increasing the number of sensors). 
Examples of digital devices include modern computers, 


A digital device uses 
continuous P 

| discrete states, 
express these 
are either in an 


he tank. Now Instead of using 


d (shown in the figure on the right). As the 
m one. In this way we can measure 4 


As an examp 
an analogue pressure sensor, 


the same reading l.e. 2 will be shown in the 
gital device is 


The accuracy of such a device 
nt a particular measurement (In 


it can measure. 


digital cameras, scanners, thermometers, clocks. 


« Hybrid Computers: 
There is a third class of devices which combine the features of both analogue and digital computers. 
ters usually use an analogue computer front-end, the 


These are known as hybrid computers. Hybrid compu 
signal output from which is then fed into a digital computer for further computation. A hybrid computer Is 


usually substantially faster than a digital computer but can su 
! pply a far more precise computation 
than an analogue computer. It is useful for real-time applications requiring such a somnbination like weather 


system computation etc. 

sm Soa a rp in: aliens unit In an ICCU. The analogue section of such a computer 
igns like emperature and blood pressure, converts t asses 

these numbers onto the digital sections of the computer for proper analysis. ieee Winans ee 


Differences Between an Analogue and a Digital Computer 


Digital Computer 


A digital device uses discrete electrical v 
to encode a real life situation or process. 


Analogue Computer 


Computations are performed using continuous 
variations of physical properties like electrical 
resistance, voltage, frequency, pressure etc. 


Calculations are normally done In real time |e. 
simultaneously, making the process faster. 


The accuracy of analogue com 

puters Is not ve 
high. Analogue computers calculate by measuring ah 
the net accuracy depends upon the accuracy of the 
individual internal components of the devices and on th 
visual limitation in observing the output. ‘ 


oltage levels 


Digital computers have relatively large delays as 
calculations are done In a sequential manner, 

ihe different fixed voltage levels are used to represent 
nary numbers, the accuracy of digital devices Is 


very high and Is rarely bein e 
, g affected by the accuracy 
the Individual components of the device. 
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can either be mechanical or electrical | The crovit : : . 

| analogue 2! | The crcuitry consists of millions of tiny electrical 

mn natue- Accordingly these are made up of mechanical switches, which are either in an ON (1) or OFF (0) sae 

parts oF electrical circuit components like resistances, | Tepresenting binary numbers and ail clavetors are 

capacitors, inductors etc. | Carried out using binary numbers. 

Zagaputations are performed as variations of different | Computations are performed using binary numbers 

ical quantities. | and binary arithmetic 

Examples of analogue computing devices indude | Examples of digital devices indude ail modern day 

Energy meters, Speedometers of cars, Square Root computers, digital cemeres, scenners, hermome==rs, 

extractors, Slide Rules etc. Cocks etc. 
4.40 Computers in Modern Socie ay 
In this age of information, computers are the forerunners in providing information to people. They also help = Computers in 


to manage various kinds of information such as accounts, employee data, sales data, etc. and help in Modern Society 
research and development. In addition, the advent of the Internet has made the computer a common 
communication tool with its e-mail and chat facilities. These various uses of computers ere discussed Delow- 


1, Airports and Railway Stations: In an airport computers help in providing information to passengers 
about flights, monitor the flight paths of different airplanes, book tickets etc. In 2 reilwey Seton 
computers help in providing information to passengers about trains, keep track of the teins in motion, 
book tickets, enable fast and efficient reservations. In both places computers ere also used to memtzain en 
up-to-date data of staff. 


2. Banks: Computers in banks are used to keep treck of customer account information like cepcesss, 


withdrawals, balances and transfer of money from and to other banks, made by the users. They r= 450 
used in Online Banking, Tele-Banking and Automated Teller Machines. 


3. Factories and Offices: In a factory computers ere used to keep an account of the inventory Le. the 
of raw materials in stock, the details of finished products and to maintain accounts. Computers connected 
to special purpose machines called CNC machines are used in factories to control the machinery they use 
to produce their products, help in quality control, etc. In an office computers ere used to help in every 
aspect of work — writing letters, calculating salaries, keeping records of the employees, qusomers =r 
sending emails, and maintaining a network of computers for communication between differant computers. 


4. Homes: At the home end computers are used for entertainment purposes like listening to music, viewing 
video, editing digital photographs, surfing the Internet and sending e-mails etc. Libreries of interecive Gs 
on various subjects are also used as an educational aid for students. Teaching aids like Computer Based 
Training (CBT) CDs are also used by students. Playing computer games at home is @ favourite pass ime 
for the young generation. 


5. Hospitals: Special purpose computers are used to scan and analyse patients and diagnose their diseases. 
Moreover computers come handy in keeping patient records for ready reference. 


6. Schools and Colleges: In schools it is used to keep track of student records like their personal dat, 
attendance information, examination results, etc. and teach various subjects using various computer aided 
teaching tools like multimedia CDs. The use of the Internet adds as a source of information to students 
and acts as an e-library. 


ri Multimedia: Multimedia describes a wide range of applications that involve the use of various media ay 
formats like video, sound, picture, text etc. All these media formats can be combined to form 4 
presentation by the user. Mulimecia 


A present day multimedia system can consist of a high end computer system with speakers, interface 
cards to input audio and video data from audio and video input devices, musical instrument interfece 
cards and accessories like printers, scanners, digital-cameras, web-cams etc. 


Multimedia data has a specific rate at which it needs to be delivered to the + d 
user. For exemple 
audio and video data needs to be delivered at real time to a user. To meet this timing requirement, the 
multimedia data is often compressed before it is delivered to the user for playback. 


Apart from one’s local file system, multimedia files i 7 

3 may also reside in remote servers as in the case of 
the Internet. On request, these files are delivered to a dient across the network using a technique ast 
as streaming. Streaming multimedia can be viewed by the user in real time. 
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is used today includes: 
programs Use multimedia features. Apart from text, a. 


multimedia 
d video clips. On-line chatting programs a 


i The variety of areas where —_ 
lication Programs: Several apple udio, an 
“ee clude pictures, 9°" 


mails can now also In dia Features. 
' > multimedia _— 
have options to integrate Mt with a PC On his desktop and proper application Software 


person 

na 8 — a publish muiticolouree literary works, brochures, posters 
rinter Cé S e pr : 

te a oe and pictures, without even going to p ae 

| sed teaching tools like interactive 9 . S, €-books, 

C. Eduoation: Compe es etc, make heavy Use of multimedia features to make learning both 

e-encyclopaedias, e-c! : 

interactive and fun. 
d. Film industry: Cartoon films with 3D visual effects, ane: hese! a special effects for 

"unt scenes, making of imaginary creatures, all use various Mult ale - | 

e. Computer Games: Multimedia features are used to create interesting interactive games using 


software like Flash, Director etc. 


a. 


b. Desk Top Publishing: At 


The Fact File 


= The Chinese had the Abacus as early as 1300 BC he Napier’s Rods 
« In 1617 John Napier of Scotland invented a calculating device called t sili ; 
* In 1642 Blaise Pascal of France invented a calculating machine called the Pascaline. 
» In 1694, a German mathematician and philosopher, Leibniz created a machine that could also 
multiply. 
* Next, a Frenchman named Colmar invented the Arithometer, a machine that could perform the four basic arithmetic 
functions of addition, subtraction, multiplication and division 
« In 1801 the Punch Card was invented by a Frenchman called Jacquard. 
In 1823 a calculating machine called the Difference Engine was developed by an English mathematician, Charles 
Babbage. Later in 1834 Babbage developed an even better machine called the Analytical Engine. 
» In 1887, an American inventor, Herman Hollerith, made the punch card reader. He founded the 
Tabulating Machine Company in 1896 which later in 1924 became International Business Machines (IBM). 
« In 1941 Howard Aikeen of the Harvard University at USA and engineers at IBM together develo 
computer called the Harvard Mark-1. It was a large device and worked electro-mechanically ini 
" 1948, the invention of the transi 
tr of the transistor by Shockley greatly changed the computer’s development. 
= In 1958 Jack Kilby, an engineer with Texas Instruments developed the integrated circuit ie 
computers became ever smaller. (IC). As a result, 
» USLI or Ultra Large Scale Integration contains more than 1 million 
Modern day microprocessors like the Pentium microprocessors UimMilstechne on a single chip. 
» Supercomputers are large computers used mainly in Scientific and Research Oorganisati ai 
scientific data that require huge processing power. Sations fo 
* The Chinese supercomputer Tianhe-2 is at present (as on 2014 ' 
operating at a speed of 34x10** calculations per second ) the world’s fastest supercomputer 
/ 


« Mainframe computers are used in large organisations such as banks, railw : 
access to the same information and quickly process large number of transactions se etc. that nea frequent 
» Minicomputers belong to a class of multi-user computers which make u ine. 
computing spectrum, in between the mainframe computers and the ne middle range of the 
* Microcomputer is small enough to be placed on a desk and cheap enough to be ow nal computers. 
computers (the Apple and the IBM PC), workstations, laptops etc. are examples of ns by an individual Ho 
« The first IBM PC used the Intel 8088 microprocessor and came with the MS Deuter - Home 
A workstation is a high end desktop microcomputer. Workstations usually offer high DOS Os 
computer, especially with respect to graphics, processing power and multitasking abilities "a" _— 
« Laptops are portable battery operated computers and are used by neonie ities, Personal 
in thelr field of work, like business executives, sales people and Aha need mobile - 
Palmtops are small battery operated computers, that can fit Inside the palm of a a Mputers 
Digital Assistants (or PDAs) Nand are also callag 
» Ananalogue computer isa form of computer that uses a particular physical Personal 
electrical or mechanical characteristics of a device to solve a problem Pro 


A digital device uses discrete electrical voltage levels to encode a real life situation ¢ pro 


es 
SO a ee 
er te ee 

SD 


r processing complex 


Perty, like the 


= 
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Science 
gudiments of Computer 9<! A Brief History of Computers 
Review Questions 
gi. Fill in the blanks: 1 each 
a. Pascal's Adding Machine also called the 


». The probably is the oldest counting machine. 
Soa anemone Oe the first stored program electronic computer. 
g. The introduction of 

computers. 
An entire CPU fabricated on a single silicon chip is called a 
ULSI stands for 


marked the beginning of the second generation of 


— (© 


: _ are large computers used mainly in Scientific and Research organisations 
for processing complex scientific data that require huge processing power. 


h. A device uses discrete electrical voltage levels to encode a real life situation 
or process. 
Q2. Multiple Choice Questions. Select from any one of the four options. 1 each 
i) Which one of the following is the oldest calculating machine? 
a. Arithometer b. Abacus c. Pascaline d. Napier’s bones 
ii) In 1617 John Napier of Scotland invented a calculating device called the: 
a. Napier's Box b. Napier’s Machine c. Napier’s Bones d. Napier’s Calculator 
iii) In 1642 Blaise Pascal of France invented a calculating machine called the: 
a. Pascal's Rods b. Pascal's Device c. Pascal's Machine d. Pascaline 


iv) This was the first mechanical calculator that could automatically do calculations in base-10 once 
the numbers were fed to it: 


a. Pascaline b. Arithometer c. Trigonometer d. Calculator 
v) In 1823 a calculating machine called the Difference Engine was developed by: 
a. Christ Babbage __b. Charlie Babbage c. Charles Babbage d. Christopher Babbage 
vi) | The punched card reader was developed by the American inventor: 
qa. Herculo Hollerith b. Herman Hollerith c. Herbert Hollerith d. Hershel Hollerith 
vii) The full form of ENIAC is: 
a. Electronic Numerical Integrator Centre b. Electronic Numerical Integrator and Computer 
c. Flectronic Number Input and Calculation —_d. Electrically Number Input and Calculation 


viii) | The full form of EDVAC is: 
a. Electronic Discrete Variable Automatic Computer 
b. Electrical Discrete Variable Automatic Calculation 
c. Electronic Data Variable Automatic Computer 
d. Electrical Discrete Variable Automatic Computer 


ix) The full form EDSAC is: 


a. Electronic Delay Storage Automatic Computer 

b. Electronic Delay Storage and Arithmetic Calculations 
c. Electronic Data Storage Automatic Calculator 

d. Electronic Delay Storage Automatic Calculator 


x) VLSI stands for: 


a. Very Large Scale Integration b. Very Low Scale Integration 

c. Very Limited Scale Integration d. Visually Linear Scale Integration 
xi) Built in 1990, India’s first supercomputer was: 

a. Param 1000 b. Param 4000 c. Param 8000 d. Param 12000 
xii) The “five-function computer” was based on the concept called: 

a. von Hoffmann Architecture b. von Seamann Architecture 

c. von Oldmann Architecture d. von Neumann Architecture 
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The first electro-mechanical computer developed at the Harvard University at USA was called the: 


a. Harvard-1 b. Howard=1 c, Harvard Mark=1 ad. Alkeon=1 
xiv) The second generation of computers used the: 
| b. vacuum tubes c. IC d. transistor 


a. microprocessor 
xv) Engineers with Texas Instruments at the USA developed the: 


a. Transistor b. Integrated Circuit c, Microprocessor 
xvi) Computers used mainly in Scientific and Research organisations for processing complox scientific 
data that require huge processing power are called: 
a. Workstations b. Mainframe Computer c. Personal Computer d. Super Computer 
Computers used in large organisations such as banks, railways, alrways, etc. that need frequent 


d. Personal Computer 


xvii) 
access to the same information: 
a. Mainframes b, Super Computers c. Workstations d. Personal Computers 
xviii) The first IBM PC used the: 
a. S085 uprocessor b. 8086 processor c. 8088 jiprocessor d. 8286 jiprocessor 
xix) Multimedia systems require: 
a. Speaker b. Web Camera c. Scanner d. All of these 


xx) The word CBT stands for: 
a. Computer Based Training 
c. Computer Beginners Training 


b. Computer Based Technology 
d. Computer Beginners Tools 


iS Se Se ee _e . 
So < re ee ee ee 
A 
A ace 
— 


Q3. Short Answer type questions: 1 each 
i) Name any two mechanical devices used during the early days of computing. 
ii) | Name the component used in the first generation of computers. 
im) Name the first fully electronic computer. 
iv) | State one difference between an analogue and a digital computer. 
v) State one disadvantage of first generation of computers. 
vi) State one characteristic of second generation of computers. 
vil) | State one characteristic of third generation of computers. 
vii) | Which generation of computers used the microprocessor? 
| ix) State one difference between a calculator and a computer. 
x) State one use of computers in school. 
xi) | State the full form of DTP. 
| xii)_~—- Write the full form of ULSI. 
xij) | Name any two components used in multimedia. 
| xiv) Cray is an example of what type of computer? 
xv) | Name the two developments in computers done by Charles Babbage. 
ft Qs. Long Answer type questions: 7 each 


i) What do you mean by the von Neumann concept? St 
ate an f von 
aceaita ick icotvat p d explain the five components ah 


ti) sn . a pie myer op generation of computers. State two advantages of third generation 
nd generation of com 

ee ees puters. Name the main component ’ fas 
oe i a calculator and a computer. State three differences between 
| a g puters. State two differences between a personal computer and @ ue 
; ‘ 2+3+ 
tv) Briefly explain the uses of computers j ' 
: eeaeen p in three different fields in modern day life. Write - we of 
v) Briefly explain the term multimedi oes 
do ue, Sete oe Explain the use of multimedia in any two different fields. What ae 

aming with respect to multimedia? 2+2+08 has 


At oe 
; 


ie eee pert score = 
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CHAPTER 2 
» Data Processing and Computer Organisation 


Data and Information 2-1 
Computer System 2-3 
Input Devices 2-5 
Output Devices 2-10 
Memory Unit 2-14 
The Processing Unit 2-17 
‘Storage Devices 2-19 
Communication Bus 2-25 


Data and Information 


n our daily life we are constantly coming around various types of data from newspapers, television, 
I research papers in scientific journals and magazines, the Internet etc. (the word Data (singular datum) 


basically means a collection of facts or raw materials, Examples of data are: 


«Marks obtained in computer studies in a class 

= Daily temperatures recorded in a city over a period of time 
= Cricket scores : 

= Customer names and addresses in a departmental store) 


1 Information)(though there is no 
ingeably). The process of converting 
data to information is called Data Processing. It includes proper storage, classification and calculations 
based on the form in which the data is required, or is useful. 


For example cricket scores provide us with numerous cricket statistics like comparative studies of batting 
figures, bowling figures, individual scores etc. Distribution of black holes helps the scientists to predict the 
fate of the universe from the mass distribution data. Infrared photographs of the solar corona are useful in 
predicting solar activity, which in turn is used to predict climatic changes on earth. 

2Mitference between Data and Information 


These represent the processed raw material or data. 
{Tinfermation 15 the end product of datalprocessingy 


Represent the raw material on which the computer works, 
is the starting material of data processing. 


Ah data In a system can be the information from another’ 
‘System! For example, the number 02091971 can be the 


data for a system which processes this value to get the 
date of birth of a person as 02-09-1971 


Information processed by one system can serve as the 
data for another. For example the date of birth 02-09- 
1971 generated by a system can act as data for a system 
calculating the present age of a person 


Example of data: The value 15042009 by itself is 
meaningless and serves as the input raw data for a 
‘system. 


The yarious qualities of information are: 


Example of information: When |, the same value 
can represent a date (15-04-2009) or population of a 
country (15042009 persons) 


¢ Meaningful: Information must be meaningful and not vague in nature. Therefore the information that sea 
els will rise by 1 meter for every degree rise in global average temperature, as an effect of global 
jean is a better information than the fact that ‘ice will melt as a result of global warming’. 
Ce 


ontain Surprise Element: Information should have some surprise element i.e. should give some new 


concepts. Therefore, the prediction that a particular year will receive more than average rainfall is better 


as than the information ‘sun rises in the east’. 
Reinforce Existing Knowledge: The new information should reinforce or add to an already existing 


knowledge. Therefore the findings after the recent journey of the spacecraft Chandrayan to the Moon has 
reinforced the existing knowledge that the Moon has water under its surface in the form of ice. 


Data 


Information 


basically 

means a collection 
of facts or raw 
materials 


When raw data is 
processed, we get 
a more useful and 
meaningful 

interpretation of 
the data whi 


Qualities of 
Information 
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dRectity / Misconceptions: The new information can also be used to rectify any previous 
information. For example the present accepted number of solar planets as 8 is a rectification overt 
previously accepted number 9, after the planet Pluto was declared a planetoid and not a planet. ty 


‘Brevity: Information should be brief and to the point and not be very elaborate. Thus information 
form of a relation or graph (like pie-chart or a bar-graph) is better than five pages of information, 


-& Accurate: The information should have proper accuracy. Inaccurate information is of no use. 
imely: Information should be relevant and timely and should not be backdated. 


in ty 


{Information at one level can be data for another level! For example the data of birth informaticy 
02/09/1971 at one level may be treated as raw data at another level to calculate the present age of a Person, 
Based on this fact,!information can be classified into five different levels as stated below: 


_J-Thternational Information: These are information with an international significance. Exampj.. 
include information related to the weather pattern to determine the economic effects of global warming 
Prices of stock in the international stock market etc. " 

National Information: This type of information has a national importance. For example information 
related to the economy of the country, the per capita income of the country, the management Of naturay 
resources etc. are various types of information of national interest. 

a Corporate Information: Such type of information is related to a business or corporate body ang 
involves various departments and individuals. It includes information related to a company’s profit ang 
loss, the quarterly sales report of the company etc. "So es 

~ Departmental Information: This type of information is related to a particular department in an| 
organisation. For example the information related to the salary structures of different individuals of a 

icular department forms such type of information. 


een Information: Information related to an individual person. The personal record of an 
employee like the employee name, address, phone number, salary etc. form individual information. 


By nature, data can be{numeric (i.e. numbers) orjalphanumeric (i.e. alphabets and digits). Numeric values 
can be either signed whole numbers or integers (like -45, +80 etc.) or floating point numbers (like | 
6.023x107 or 0.6023E24, +0.75E-3 etc.). Alphanumeric data can include names, addresses etc. 


[Pata forms the raw material for a data processing system. The computer stores single pieces of 
information in units called fields or attributes like ID, name, class, etc. Several such rélated fields are 
grouped together to form records. The data stored in the ID, name, class, etc. fields of a particular student 
in a school when taken together form the student record. Several similar records like all the student records 
of a particular school form an entity set. Such a set of records which form an entity set are taken together 
and stored as a file. Within a given file a special field called the record key or primary key (e.g. ID number 
of a student) is used to uniquely identify a particular record, | 


The manner in which the above data is stored and viewed/used is different. Based on the above fact we can 
| dassify data broadly into Physical Dataitype/and:Logical Datajtypelas discussed below. 


1, Physical Data: This indicates the process in which the raw data gets stored in the computer. The 
computer uses various types of data structures (like linked lists, trees etc.), records (like fixed or variable 
length records) and file organisation methods (like serial, sequential, indexed or direct files) to save the 
data in a physical media like a magnetic disk or magnetic tape etc. 

2 Abical Data: This indicates the logical 
arrangement of data as viewed by the user 

_or_the application programmer. The main 
components of logical data are entity, 
attribute and relationships between the 
entities. For example in a school, the various 
entities involved are students, teachers, 
subjects taught, marks obtained in various 
examinations by students etc. The attributes 
involved can be the mame, class, section, 
rolf no. of students etc. And the relationships involved can be the relationship between a student and a 
teacher, that between students and marks etc. All these taken together form the logical concept of data. 


Logical Record: 


Logical Records & the Physical 


Records which store them A Logical Record 
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Data processing by a computer involves generally three basic steps as shown to the 
right, and the total process is called a Data Processing Cycle or’ 


1) Aut: During this phase the raw data to be processed Is input Into the computer system 
by means of various Input devices like keyboard, mouse, scanner etc. and stored In 
ai media like the hard disk, RAM etc. before it Is processed. 


E rocess: This phase Is used to actually modify or process the data to get the d desired 


information. This phase can again involve various operations like: 
Record: This involves transfer and storing of the input data for use during the processing. 


_by Duplicate: This involves making copies of the input data for multiple uses. For example, duplication of 
the bill against a purchase may be required for the customer and the retaller, 


erty: The recorded data is checked for any errors before it Is processed. 


jassify: The input data may need to be classified into various categories for proper processing. For 
example the student data can be classified into various classes and sections. 


oy Gort: Processing may also involve sorting the data in a logical sequence. For example student records 
may be sorted in terms of class and section for convenient viewing. 


f) Merge: Often two or more sets of data may need to be merged together. For example data from 
tw sales counters may need to be merged together into a single transaction file. 
Ci 


alculate: This involves various numerical operations that are done on the input data. 
‘by Search: This operation is used to look for particular information from the total data set. 


a 
3 Output: The processed data needs to be output and returned back to the user. This output can either be 
displayed to the user, taken in a printed form, or can be stored for further processing. 


Process 


Output 


Various data processing systems have evolved over the years to process data. Some of these include: 


_47Management Information System §&08F' This involves data processing related to the internal working of 
a business for proper business management. It deals with solving business related issues like product 
costing, creating business strategies, managing human resources etc. 


ision Support System §ENSHHj This is a computerised data processing system that supports a MIS 
‘and deals with business decision-making activities. A properly-designed DSS is an interactive software- 
based system which helps decision makers in an organisation to compile useful information from various 


raw data and personal knowledge. The information so generated is used to i identify business problems and 
make decisions to solve them. 


ic Data Processing System ERE 
is fast and accurate and the data can be st and retrieved later. 


‘ransaction Processing Systeme: Such a system is used to process data during a transaction in 
pe system. A transaction program is used to maintain data consistency during a transaction. For 
example during an electronic payment the amount must be both withdrawn from one account and added 
to the other. In case a complete transaction cannot take place, the partially executed transaction must be 
‘rolled back’ to the original state. 


ters are used to process data electronically. The 


2.2 Computer System 


In the previous section we had seen that a modern day person processes data by using various data 
processing systems, the backbone of which is an electronic computing machine or computer. Let us now 
discuss the various features that a computer should have in general to process data. 


xs Solve all types of arithmetic and logical calculations: The computer must be able to carry out all 
types of arithmetic operations like addition, subt Itiplication and division and at the same time 
do logical comparisons between various values. et SIUIEN(ALU) of a modern day 


juter does this job. 
2Must have a storage unit: The computer should have a memory unit to store various types of 
information. This information can be the raw data to process, the instructions to process this data and the 
processed data itself. In a computer (EHIRAMBSnUNthielHardndiskiseye this purpose of storing data 
temporarily or permanently. 


a 


IPO Cycle 


a 


Data processing 
by a computer 
involves Input, 


Data 
Processing 
Systems 


a 


Computer 
Syste 
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i sian must have input/output devices: Unless we Input data to a computer we will Not be 
to process it. For this we need special input devices. Similarly the processed data should be availabe’ 
the user. This is done through the output devices in a computer. Keyboards, mouse etc. serve as in 4 


deyices ‘ers etc. work as output devices. Pe 
Few co! er must be able to decide: The computer must be able to decide on the course of a 


| a computer are : ction 

ively called should take based on various conditions. For example if the computer has to print a number as an ey 
‘glee number or as an odd number based on the value of the number, then it should be able to take 
t decision. It should be able to decide upon the condition and print the appropriate result. This d tat 


making capability is what separates a computer from a ca Iculator. The | (Control_unit.(cuy of 
j a computer is responsible for carrying out this function. - the} 
‘A sequence of 
instructions given 
to a computer to 


| From the above discussions we have seen that for data processing we require an input device, a 


device, memory, and finally an output device. These form the basic building blocks of a computer and 33 | 


| make the | collectively known as computer hardware. Hardware consists mainly of the CPU, memory Modules, 
hardware work, || input/output devices like keyboard, VDU, etc. and storage devices like hard disks etc. 
ie a ata that} | However computer hardware cannot do anything on its own and it has to be instructed to do any desired job 

e compu |(A sequence of instructions needs to i . 
Le ead (A seq be given to the computer in a language that the computer | 


| Understands to make the hardware work. Such a set of instructions is known as software. Software basically 
| Consists of programs, which tell the computer what to do and how to do the proce: sing. Programs usual 


| contain a set of instructions in coded form, written to serve a specific job or purpose.\Without the softwar 
the computer would be a dumb terminal. _ ee “ey 


| There can be two different types of software based on how these are stored.(In case a part of the software jg | 
OP Permanently stored in a computer in a read only type memory, then such software is called firmware, 
Firmware basically keeps information related to the computer system) 
Apart from the computer hardware and software, there is a third entity without which the computer will not 
tun. It is called liveware or humanware. It basically consists of people who work with the computer and 


Firmware 


consists of programmers, operators, system analysts, end users and others) 
DY ST 7) As stated earlier, the hardware of a computer i.e. the physical components of a computer can be subdivided 
fn case software is|| into five basic parts as shown in the next page. 
permanently 
stored ina 
computer in a 
read only type 
memory, then 


P The above hardware is 
ane 5 connected to each 
I other in a_ logical 
manner to carry out the 
process of input, output, 
processing and storage 
of data. Block 
diagram-1, shows how 
these different parts are 
generally connected 
together in a computer. 


Input devices like Block Diagram-1 of a General Computer 
keyboard, mouse, 

scanner etc. input the data from the user and send them to the memory 
unit (the RAM). The central processing unit (CPU) then fetches the data 
from the memory. The control unit (CU) and the arithmetic and logic 
unit (ALU) then process the data and send the result back to the memory unit. Next the processed data is 
either stored in storage devices like the hard disk and CD ROMS, or it is passed to the output devices like 
the monitor, printer, or speaker. The communication buses like the data, address, and control bus are 
responsible for carrying information from one part to another. 


In case the input/output devices directly communicate with the CPU, then the block diagram-2 can be 
used to describe the working of such a general purpose computer. 


Control Unit (CU) 
+ 
Arithmetic & Logic Unit (ALU) 


Block Diagram-2 of a General 
Computer 


l 
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input Devices’ 


Input Devices help to interact with the computer and accept data and instructions from the user. 
Depending upon the various types of data entered like textual data, images, audio and video data etc. let us | 
now discuss the various types of input devices available. 


Gard 
device is the Ki rd 


which is usually connected to the computer using/a 
‘PS/2 or-an USB port. It resembles a mechanical 

iter where the alphabets are placed in the 
QWERTY format along with the numerals 0 to 9 
and punctuation symbols. It is used to enter 
textual data. 


The number of keys on a keyboard varies from the 


original standard of 101 keys to the 104-keys as in Windows keyboards. These keys can be divided ete | 
the following sets based on their functions: 


a 


Keyboard 


| 
| 
| 
| 


Used to type the alphabets A to Z in lower and upper case 

Used to type the digits from 0 to 9 

Used to type various punctuations (like , .’” ! etc.) and symbols like & *, +, %, { },(), 
[], blank key (spacebar) etc. 


These are 2 set of keys which when pressed along with some other keys, modify the function of 
that key. These include the Shift key, Alt key, and the Ctrl key, For example when we press 
the key ‘A’ on the keyboard it prints ‘ain lower case, but when we keep the Shift key pressed 
and then press the ‘A’ key, then the upper case ‘A’ gets printed 

There is another set of keys on the keyboard which have an ON and an OFF state. The Caps 
Lock, Num Lock and Scroll Lock are examples of such keys 


These include the 4 arrow keys, Page up, Page down, End & Home keys 
Used to edit a portion of a file and include Enter, Back Space, Insert, Delete, and Tab keys 


These include the F1, F2, ... F12 keys and are used to perform some special work as specified 
by the operating system when these are pressed. For example the Help file related to the current 
Program running on the computer opens when you press the Fi key 

Nowadays multimedia keyboards come with some special buttons which can be used to enable 
or disable sound, open a particular home page, open the explorer etc. 


‘These contain the Break, Esc, Print Screen and similar keys 


A keyboard has it own processor and circuitry to carry information to and from the processor. The major part 
of this circuitry is the key-matrix. It is a grid of conducting lines placed beneath the keys and used to detect | --— 
a key press, Depending upon the technology used, a keyboard can be mechanical or capacitive in nature. 


The internal working mechanism of a common mechanical keyboard is discussed below: #24 ly 
jen a key is pressed on the keyboard, it Pushes a rubber dome _Normal key Pressedkey | Working of a 
beneath the key. A conductive con on ie mechanical 
touches a pair of conducting lines on the circuit helow. basi, Keyboard 
is closes the contact between the lines, causing a change in the —_ | =| 
current flowing through the lines. aad 


acs e r Contacts open | Contacts closed 
A special signal called a scanning signal detects this change of current 


and the keyboard chip generates a scan code signal that corresponds to the key pressed. 


scan code generated is then sent to the computer’s' 
the keyboard cable. The BIOS inside the computer receives the scan code and les it into a 


woe ASCH value. Avavy.cayn Ctordand Code hoe Ivhoanalinw Tit.chamne 
The 


computer then decides what action to take on the basis of the key pressed. 
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The first mouse, 
invented by Doug 
Engelbart in the 


market in 1968 at 
an exhibition 


| Moves on the screen. Using this pointer, 
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After the keyboard, the mouse Is the next most useful Input device. It Is a point and click input devicg 
which Is used to point and select any item on aap iiniterface (Gul). It is a small object which 
looks a bit like a mouse and can be moved along a surface. It consists of one or more buttons which cay, 
be clicked to do various functions. The user can simply point to options and Icons on a GUI screen ang 
select them by clicking the mouse button. 


A mouse can be wired, or wireless. Wired mouse can be connected through wires, which are generally 
connected through basically a PS/2 or an USB port. Wireless mouse use Bluetooth technology to 


| communicate with the computer. These use a Bluetooth transmitter to send signals, which are then receiveg 


by a Bluetooth transmitter, transmitter is attached as a small dongle to an USB port in the computer; 


Generally nowadays a mouse comes with three buttons, along with a scroll wheel. Each button has its 
own function. Usually when the left button Is pressed an item is selected, and when it is rapidly clicked twice 
then an item is opened. The rightmost button when pressed shows a drop-down menu. The scroll whee} 
can be rotated upwards or downwards to scroll through a long document or a webpage. The scroll whee) 


L 


iwhen pressed acts as the middle button. The middle key-also has somesspecific features, Like n_Unux, 


| environment a middle click generally pastes the latest content of the clipboard 


When the mouse is moved, a graphic 
arrow head called the mouse pointer 


any object on the screen can be pointed, 
clicked and selected. Once selected, an 


item can be dragged and dropped from 
one place to another, or can be opened, One Button, Two Button, Three Button and Scroll Mouse 


Based on the way a mouse determines its position on a surface, we have broadly two types of mouse, a 
mechanical mouse and an optical mouse. A mechanical mouse uses a ball-and-roller arrangement to © 
determine the position of the mouse pointer. An optical mouse on the other hand uses an LED light source | 
and a sensor to scan the surface where the mouse is placed and determine the position of the mouse pointer 
on the screen, Modern optical mouse use invisible IR Laser light as the light source. These are more accurate 
than the LED mouse and can be used over any surface. 


Scanner 


A scanner is an input device which can be used to input images and documents and store them in a 
digital format in the computer. The different types of scanners are: 


latbed scanners: In these types of scanners the document is placed on a 
glass bed underneath which the scanner head moves as it scans. The scan head 
is moved with a rotating belt. The picture on the right shows such a scanner. 

~ Sheet-fed scanners: These scanners have an immobile scan head. In this case 
the paper document is fed into a roller which rolls the paper in and makes the 
whole document travel under the fixed scanner head. 


3. Wandheld scanners: Similar to flatbed scanners but the scan-head needs | 
to be moved manually on the document In order to scan it. This type of 
scanner typically does not provide good image quality. However, it can be 
useful for quickly capturing text or image. 


4,/Drum scanners: These are used by the publishing industry and can scan 
highly detailed images. These use the photomultiplier tube to capture the 
image (Tbe document to be scanned is mounted on a glass cylinder. 

& Asensor in the centre of the cylinder splits light which is reflected from the 
document into three beams. Each beam Is sent through a colour filter to a 
sensor, where the light is changed into an electrical signal.) 


The flatbed scanner is the most widely used one. To scan a document it is first loaded on the glass plate 
the flat bed scanner. The lamp inside the scanner illuminates the document. The scan head then moves 
across the document. As the lamp illuminates the page, the light from the document is reflected off onto a 


lens. The lens focuses the image on a special sensor called Charged Coupled Device (CCD) array. The CCD 
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sconverts the light signal to electrical pulses. The light is then converted to raw digital data and sent to the 
computer for proper storage. 


| 
« Barcode Reader 


A barcode reader Is used to scan ready product information from product labels. It is used in B. ” 
supermarkets, shops, libraries, post offices and other places. The information on the barcode usually contains foaue e 
the product ID, price, name of the manufacturer, etc. printed on the labels. eueer 


A standard barcode consists of a number of parallel light and 


dark bars of variable width. The code is read optically using a 

special scanner. The barcode is designed based on a 10-digit 2 \+ 

number system. Of these, 5 digits are used to encode information a 

related to the manufacturer and the remaining 5 digits are used to 9 infor ‘on Fro 
encode the particular product detalls.j The code numbers are also! special fed re 
written under each bar symbol which can be used In the event of a'machine failurey labels 


of barcode systems are available. These are the (UjnlfornillProduct Godel (UPGY used in the US, 
y (EAN)jused in Europe. 


Touch Screen 


A touch screen is a special display screen where the user can enter data by 
touching the screen at specific locations. It is a display which can detect the 

and location of a touch within the display area. It was develo; in the 
second half of the 1960s and is widely used in applications like (Persol 


mobile phones, interactive railway or airlines enquiry 


Touch Screen 


Pt rouchs: 
systems, bank ATMs etc. 


the user can 


Using a touch screen, the user can directly interact with what is displayed on 
the screen, rather than indirectly with a mouse. It allows one to use his finger or hand without requiring 
any intermediate device like a stylus that needs to be held in the hand. 

_étious types like resistive, capacitive, or infrared touch screens are available. The resistive touch screen 


is presently the most widely used and affordable touch screen technology type as it is not affected by heat, 
dust or water. 


e/Cight Pen 


A light pen is a point and draw input device which allows the user to point to fuses 
objects displayed on a CRT screen. These are also used for computer aided design 
applications, where the user can directly draw on the screen with the help of a 
light pen. It is similar to a touch screen but has a greater accuracy. 


Light Pen 


It is basically a light-sensitive device that uses a photoelectric cell and an optical lens mounted in a 
pen shaped case. It needs to be used along with the computer's CRT monitor. The pen is held by the hand 
and directly pointed to the screen to select menu items or icons or directly draw graphics on the screen. The 
pen has a finger-operated button, which can be used to select options from the screen by Clicking on it. 
The pen works by sensing the light signal from the CRT monitor screen. It converts the light into electrical 
pulses and sends them to the processor. Analysing this light signal the (x, y) position of the pen is found out 


by the processor. The signal then identifies the item that is triggering the photocell on the light pen and 
proper action is taken. 


Pe  ) 


Optical Mark Recognition (also called Optical Mark Reading or OMR) is the process of detecting data from Optical Mark 
pre-printed document-forms marked by humans. One of the most familiar applications of optical mark | Reader 
recognition is OMR answer sheets in multiple choice question examinations. 


A special kind of sheet/form is used for this purpose. The user has to input Information by darkening 
circles marked on this pre-printed sheet using a HB pencil (picture of a sample OMR form is given to the 
right). The sheet Is then automatically read by a scanning machine which shines a beam of light onto the 
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OMR form. Thecontrasting reflectivity from the marked. andinimarked, (a 47> —— 
areas Is then _used to detect the marked areas as they reflect less light thal [a= number apes 
‘the blank areas of the paper! = OODDG, 
=  & 
Desktop OMR software |s available which allows a user to create forms ina |= ® & 88 
word processor and print it on a laser printer. The OMR software then works OMR Answer Sheet v 


with a common desktop image scanner to process the filled forms. 

The process of OMR is however not suitable for gathering large amounts 
of text. There is also the possibility of missing data during the scanning 
Process. However for all practical reasons OMR provides a fast, accurate way 


§1®OO® 

= 2@O@O®| 1 HOG 
= s@B@OO| 5 AGG, 
= 


4®OO®| 0 HO 
to collect and input data. 5 5ODOOO aoe 
LJ 
¢ Optical Character Reader (OCR) = 


Optical Character Recognition (OCR) technology is basically used to optically scan pages containing ¢ 
and then to identify and save the scanned data as a text file instead of an image file. The image is sto, 
in the computer's memory as a bitmap image consisting of a grid of dots. The character recogni 
software of the scanner then converts the array of dots to equivalent ASCII text, which the computer 


>| interpret as letters, numbers or special characters. Intelligent systems with high recognition accuracy 


most fonts are now available. Some systems are even capable of reproducing formatted output that clo 
approximates the original scanned page. 


The advantages of using OCR technology are given below. 


¢ Reduced Storage Area: The storage area required by a text file is several times smaller than that of 
image file. 


¢ Word Processing: Since the scanned document is converted and saved as a text file, word process 
of the document can be easily done. 


* Quick Data Evaluation: One can use OCR to evaluate and tabulate large amount of data quickly 
scanning specially marked sheets as in specially marked entry forms. 


° Magnetic Ink Character Reader (MICR) 


Magnetic Ink Character Recognition or MICR technology is used mainly by banking systems for fas 
processing of large volumes of cheques. Banks that use MICR use a special type of cheque. The bai 
identification code, cheque number and account number are pre-printed using a special magnetic ink # 
contains particles of iron oxide. Magnetic printing is used so that characters can be easily read, even wi 
they have been overwritten with other marks. 


The characters are also of special font. The major MICR fonts used 
around the world are E-13B and CMC-7. Almost all Indian, US, Canadian 
and UK cheques now include MICR characters at the bottom of the paper in 
the E-13B font (shown to the right). 


1242356 78908 


When a customer deposits a cheque with the bank, a MICR reader is used to recognise the magn¢ 
ink characters automatically and carry out the transaction. When the cheques enter the reading unit, t 
pass through a magnetic field, which magnetises the particles of ink. Read heads then examine th 
characters by examining their shapes. The special shapes of the MICR font ensure that each let 
produces a unique field for the character recognition system to provide a reliable result. 


Differences between OCR and MICR 


Used for reading any type of printed text material 
The fonts scanned usually can be of a variety of shapes. 


3 ee MICR 
Used in banks for reading special information from cheque 


The fonts scanned should be of a pre-defined shape like tf 
E-13B font. 


The ink in the text document scanned can be of any 
type. 


The ink used in MICR is a magnetic ink made using partic 
of iron oxide. 


The scanned document Is usually stored as a text file for 


Information from the scanned data Is used for processing 
eques in a bank. 
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leb Camera 


Web cameras or simply web cams are input devices used for video capturing and 
are connected to a computer through an USB port. Presently computer hardware 
manufacturers are manufacturing laptops with built-in web cams. This eliminates 
the need to connect a web cam through an external USB port. 


Web cams can be used as web-accessible cameras to do personal video- 
conferencing using instant messaging text chat services such as AOL Instant 
Messenger. Increased video quality In modern web cams has helped PC users worldwide to do one-to-one 
live video communication over the internet. Programs like Yahoo Messenger, AOL Instant Messenger 
(AIM), Windows Live Messenger, Skype etc. offer videoconferencing support. oS 


Today web cams are also used to provide views into offices and other buildings for security purposes, monitor 
traffic and do a variety of other jobs. 


Punched Card Readers and Tape Readers 


Card readers and tape readers were used during the early 
days of computing to input data that were punched in 
special types of paper cards and ribbons. These 
machines are obsolete now. 


ard readers are electromechanical devices that are 
used to read the information punched into a card. The 
presence or absence of a hole in the card is converted to 
an electrical signal representing a binary ‘0’ or_a ‘1’. Each 
card (picture shown above) usually consists of 12 rows and 80 columns and are 3%” wide and 7%" long. 
The most commonly used code to encode data into the card is the Hollerith Code, where a single character 
is punched in each column of the card. 


The punching machine contains a hopper where the blank cards are first stacked, The operator then uses a 
keyboard to enter the data which is then punched into the card by proper electromechanical mechanisms. 
To read data from the card, the card is moved over a row of 80 read brushes. If a hole is present, a contact 


is made by the brush. This produces a signal that can be used by the computer to interpret a ‘0’ or a ‘YS 


Punched tape readers were used to input information punched on a paper tape. Like 
card readers, these are electro-mechanical devices where mechanical sensing pins are 
used to read the character punched in each line of the tape. The presence and absence of 
a punch or a hole in the tape is used to encode a binary ‘0’ or a ‘1’. Faster tape 
readers have photo electric cells to detect a hole in the tape. 


The width of a tape varies from 12” to 3”. Information is punched into a tape a line at a time. 
(Assingle character is punched as a pattern of holes in each lateral line) When a key in the tape 
punch keyboard is pressed, the binary coded symbol of the character is punched into the tape and the 
tape then advances to the next line. Many tape punches are able to read from a perforated tape and then 
produce a printed copy of the code in the tape. 


yGther Input Devices 


Apart from these there are a variety of input devices available presently. They consist of Trackballs, 
Graphic Tablets, Joysticks, Microphones, Digital Cameras, etc. 


A trackball is similar to a mouse and used as a pointing device in laptop computers. A laptop computer can 
also have a touch pad device over which the user can move his finger to move a 
pointer similar to a mouse pointer on the screen. 


Agraphic tablet or simply a tablet, (picture shown on the right) is an input device 
on which the user can draw anything using a special pen and the image is directly 
transferred to the computer display and can be saved. 


A joystick is another type of input device mainly used in computer games and 
simulation software to input a move. These work as navigation devices and can have special buttons to input 
various actions required in a computer game. __ 


Wp gee camera 
| simply a web cam 
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Web Cam 
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| is an input device 
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Microphones can be used to directly input audio signals like voice or music into the computer with the hei 
of specific software. Digital cameras can be used to take an image in a digital format and direct 
transfer to a computer as a digital image file. This saves the need to Print and scan an image. 


The function of an Output Device is to present processed data to the user. Different types of output devices 
are available for this purpose. These include various types of video display units like CRT and LCD 
monitors, various types of printers like dot matrix, inkjet, and laser printers, Speakers, etc. Each of thesa 
is discussed below. 


e Video Display Units 


A visual display unit (VDU) or commonly a video monitor is the most widely 
used output device. It is made of a display screen and electronic circuitry. 
that displays a picture corresponding to the video signal sent by the computer. 
However it does not produce a permanent record of the output. There are 
two main technologies used to manufacture a VDU, namely CRT (picture on the 
right) and LCD type displays, as described below. 


'T Monitor 

The basic components of a Cathode Ray Tube Green dot 
(CRT) monitor are the electron gun, focussing Electron pen 

systems, horizontal and vertical deflection # 
systems, and a phosphor coated screen, The 
Phosphor material is arranged into an array of 
millions of tiny cells, usually called dots. 

A colour monitor has three electron guns 


that correspond to the primary colours red, 
green and blue and emit streams of electrons 


lose t sng the-beams to Focussing Plates 

very close to each other causing the beams Ring 

overlap. The human eye views the three Phosphor screen” 
overlapping dots created by the electron Working of a CRT Monitor 


beams as a single doty“A cluster of 3 dots 

for the colours red, green and blue together form a pixel. It is the smallest unit of a picture element 
on the screen. The colour and brightness of a pixel is controlled by adjusting the intensities of the electron 
guns. The resolution of a screen depends on how close the pixels are placed.» 


Each electron beam scans across the top of the monitor from left to right. After reaching the right edge 
of the screen, the beam is blanked and moved back to the left edge at a position slightly below the previous 
trace. The scan continues until the bottom right corner of the screen is reached. In this way the electron gun 
redraws the entire image. —%, cévadung, mang, 


A display adapter within the computer is used to generate the video format. The image to be displayed is 
processed by_a dedicated processor in the display adapter and the image information is converted to pixel 
information.} In a high resolution colour monitor 8 bits are used per pixel to represent different 
intensities of the colours red (8bits), green (8bits), and blue (8bits). Thus using 24 bits a total of 27*=16.8 
million colours can be produced. He 


One can operate a VDU either in text mode or in graphics mode. In text mode a monitor displays 25 lines 
with 80 characters per line. Thus such a screen can display 25x80=2000 characters. Depending on the output 
capacity, a display adapter can be a Monochrome Display Adapter (MDA), Colour Graphics Adapter (CGA), 
Video Array (VGA), Super Video Graphics Array (SVGA) or Extended Graphics Array (XGA). 


joni 


Another type of display is the flat panel display. It is formed using special types of Pai 
crystals called liquid crystals and hence called Liquid Crystal Displays (LCDs). 
These have lower power consumption, flat Screens, and are thin in nature with less 
than 3” in depth and hence occupy lesser desk space. However the disadvantage with 


these monitors is a jarrower viewing angle as compared to CRT displays. 
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Jn an LCD display, the image is produced by placing the liquid crystal between two glass plates. A special 
arrangement of light polarisers and electrodes are then used to form the image on the screen. The 


image is formed by passing light from a light source (like LED) through the liquid crystal and by changing the 
of, Lby_passing. electric current through the electrodes. ‘ 


Joe are two types of LCD’s namely Passive Matrix LCD and Active Matrix LCD. The first type uses a 
‘set of electrodes arranged in rows and columns forming a matrix to control the pixels on the screen. The 
second type uses a matrix of Thin Film Transistors (TFT) to drive the pixels. TFT LCD monitors are brighter 
and costlier and are also used in laptop computers. 


Differences between CRT and LCD monitors 


CRT Monitor. LCD Monitor ly 
Uses cathode ray tube to generate an image Uses liquid crystals to generate an image Difference biw 
Power consumption is high Power consumption is low CRT & LCD 
Displays are either rounded or flat Displays are always flat 


monitors 


Brightness In less 
‘Viewing angle is less 
‘These displays are bulky in nature and occupy more space | These displays are thin in nature and occupy less space 
Less expensive than LCD displays More expensive than CRT displays 
Cannot be used as displays for laptops Can be used as laptop computer displays 


Features of Video Display Units ay 


In general any video display unit has the following features: Features of 


2 Paging: Using paging the monitor can switch to the next or previous page when requested. VDUs 
“& Scrolling: Using scrolling the data/image can be moved line-by-line in an upward or downward 
direction. In some applications (e.g. Excel) a page can be scrolled in a horizontal direction also. 


~€ Screen Position Control: Based on the position of the cursor on the screen, the user is able to enter 
information at that point. 


Reverse Video Effect: This is used to highlight a portion of the display screen in reverse colour. 
€ Blinking: To draw the attention of the user, the screen cursor blinks in reverse video. 
f° Brightness Control: To highlight some data, it can be displayed in increased brightness. 


¢ Printers 


Unlike a VDU, a printer is an output device which can be used to produce a permanent copy of the 
output. There can be two broad classifications of printers — impact and non-impact printers. 


Im P 


In an impact type printer, the image is produced on paper by some electromechanical impact device 
just like the working of a mechanical typewriter. Various types of impact printers include Dot Matrix Printers, 
Line Printers, Daisy Wheel Printers etc. as described below. 


bot Matrix Printer (OMP): Instead of printing a 
character at once, these printers use a group of 
pins of very small radius to strike the ink ribbon 
and create a dot at the point of impact. A character 
or an image can be formed by proper arrangement 
of many such dots. The pin hammer assembly Is 
moved back and forth by a motor. To print a character, driven by 
electromagnets the pins hit the ink ribbon and as a result a character gets printed on the paper. A roller 
moves the paper to the next line and continues printing. Usually a pin head assembly consists of 7x5 
dots or 9x7 dots arranged in a matrix. Higher number of dots creates finer impressions. These printers 
are still used in offices for heavy printing jobs and can print for very long time without any break. 
Moreover any type of character sets can be printed. 


Dot Matrix 
Printer 
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Inkjet Printer 


isy Wheel Printer: These are character printers where a special type of 
wheel called a Daisy Wheel contains the set of characters used in the printing 
process. The characters are embossed on small metal plates that are 
mounted on the spokes of a wheel (see diagram to the right). During printing, 
the wheel rotates at a high speed and an electro-mechanical hammer strikes 
on the appropriate character when it comes under the hammer. The 
character is struck against an ink ribbon which drives out the ink from the = 
ribbon and makes an impression of the character's shape on the paper. By changing the wheel, one can 
print using a different set of characters. Such a printer is fast and good for printing basic text. It can 
print at the rate of 10 to 50 characters per second. However it prints a single character at a time ang 


cannot be used to print images... 


wtoa Printer: This type of impact printer is used to print a complete line of text at a time at a very 
high speed. These printers have a hammer for each column of the page which strike on an ink ribbon at 
the same time and a line is printed at once. These are much faster than those which print one character 
at a time. However these are costly and heavy as many sets of hammers are needed for printing. Two 
main types of line printers as described below: 


_a-Drum Printer: Such a printer contains a cylindrical drum whose 
length is same as the length of a printed line. The drum has 132 [\ Sasaaaa AGAR \ 
rallel tracks and along each track all the characters of the Cr = 
character set are embossed. The 64 character set is the most BF] QaBTVVIANVVVIVyP 
common one. The printer ribbon and the printing paper are Ribbon 
sandwiched between the drum and a set of 132 hammers, each 
corresponding to a particular character. The drum rotates at a high speed and when the appropriate 
character in a track comes under the hammer, the hammer strikes on the paper and the character i 
impression from the drum is printed on the paper. In a_single rotation of the drum all 132 hammers , 
are activated and the whole line gets printed_ 


Orum 


pe Chain Printer: In such a printer, the printing 
characters are chained together to form a 
loop. Using a motor-gear assembly, the chain is 
rotated horizontally at a high speed. An ink ribbon 
and paper is mounted in front of the characters on 
the chain. A set of hammers, equal to the number 
of printing positions on a line are placed touching 
the paper. When the appropriate character comes under a hammer, the hammer strikes the paper and 
the character impression from the chain is transferred to the paper through the ink ribbon. The printer 


can print from 5 to 40 lines per second. 


-Im Prin 


In a non-impact type printer, the Image is produced on paper without the need for any impact 
hammer or ink ribbon. These can be used to print both character and image printouts and produce much 
less noise during printing. The printing quality of these printers is also far better than impact type printers 
and can produce both black & white and colour printouts. Moreover non-impact printers are usually faster 
than the impact ones. But the major disadvantage is that these cannot be used to produce multiple 
copies of the same document at the same time. 


bes non-impact printers include Inkjet Printers and Laser Printers as described below. 


/ Inkjet Printer: An inkjet printer is a non-impact printer. It prints by ejecting 
microscopic drops of ink through tiny ink nozzles in the print head. Each 
nozzle can be heated up selectively in a few micro-seconds using resistive 
heating effect. On heating, the ink droplet in the ink-tank of the ink 
cartridge expands and Is ejected out from the nozzle onto the paper. This 
ink drop forms a tiny dot of ink on the paper. Several such dots combine to 
produce a particular character or image. The cartridge assembly moves 
sideways as it keeps ejecting Ink droplets on the positions where it is 
instructed. A roller automatically rolls in the paper so that the printer can print 
the next line. 
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As tiny dots of ink combine to produce a pattern, they can be used to print both photo quality images | 
and characters of any shape and size. A high resolution ink-jet printer can print even 2400 dots per 
inch. Depending upon the number of ink cartridges 


used, an inkjet printer can produce both Print Heating Resistor 
monochrome and colour output. A colour inkjet Head | 
printer usually contains 4 different ink cartridges or | 
ink tanks namely Cyan, Magenta, Yellow and "°P° Ink ink 


Black:tcollectively called CMYK), By proper Neceles gang 
combination of these 4 different colour dots, all other SASSO, Nestle “Qya— Ink 
colours can be created on the paper. These printers Orop 
are cheap to buy and can print at speeds of 5 to 8 pages per minute. However inkjet printers are 
slower than laser printers and are not suitable for bulk volume printouts. 


2Aaser Printer: These non-impact type printers use drv ink (called toner) to 
print text or images on paper. A laser beam is used to charge portions of a 
roller drum coated with a special photo-conducting material. The charge 
pattern laid down on the drum depends on the content of the document to be 
printed. As the paper is rolled over the drum, dry ink is then deposited onto 
the paper based on the static charge on the drum. The ink is then bonded 
onto the paper using heat. 


Colour laser printers have four different drum and toner assemblies 
corresponding to the basic colours cyan, magenta, yellow, and black. Laser 
printers are costly but can print at high speeds of 8 to 15 pages per minute and are suitable for bulk 
printing jobs of text and images. The output of a laser printer is also better than that of an ink-jet printer 
and is permanent in nature. 


3, Plotter: A plotter is similar to an inkjet printer, but is used for 
printing on larger papers or continuous paper rolls. These are 
usually used for printing engineering drawings like building plans, 
mechanical drawings, assembly drawings etc. A plotter can print in 
both black and white and colour and can either have a set of 
plotting pens filled with the colours cyan, magenta, yellow and black 
in case of a colour plotter. Depending upon the working one can have 
a drum plotter (picture on the right) where the paper is rolled over a 
drum and a flat-bed plotter where the plotting pens plot on a flat 
surface over which the paper is placed. 


Comparisons between VDU and Printer 


VDU- 
Output device, which can display text, graphics, or both Output device which can print text, graphics, or both 
ADU can be either in black and white or in colour. A printer can also be in black and white or in colour. 
Colour VDUs have three different assemblies for the A colour printer has four different colour cartridges, cyan, 
primary colours red, green and blue. magenta, yellow and black. 


The output is temporary and is lost once the computer is As the output is usually on paper, it is permanent and 


switched off, as it is displayed on a CRT/LCD screen can be used later. 

Usually no other extra accessories are required to run a Accessories like paper, ink-ribbon or ink cartridges are 
VDU. required. 

A VDU is usually not provided with any memory. Printers usually have their own buffer memory. 


Various types of VDUs include CRT and LCD monitors. 


Various types include Dot Matrix, Inkjet, Laser printers 


Differences between Impact and Non-Impact Printers 


Impact Printers | Non-Impact Printers 
Print head Is operated electromechanically, Print head does not have an electromechanical device 


They print by hammering a set of metal pins or These print by depositing ink drops or dry powder ink 
character sets on an ink ribbon. from an Ink cartridge. 
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Impact Printers Non-Impact Printers 

eSn be used to produce multiple coples by using carbon | As no impact mechanism is there these cannot be useq 

5 to produce multiple copies. 
Generally used to produce character outputs. | Can produce both character outputs and images. 
Usually produce output of a single colour. | These can produce outputs of different colours, 
Since these use electromechanical devices these are The absence of electromechanical parts makes these 
nolsy to operate. much less noisy to operate. 
These printers are slower than non-impact printers. | These are faster than impact printers. 


E.g. Dot-Matrix, Daisy-Wheel printers etc. E.g. Ink-jet, Laser printers etc. 


« Other Output Devices 
Other output devices include speakers, computer output microfilms (COM), CAD-CAM machines etc. The 


(ison audio output from a computer can be heard through a speaker system or a headphone, 
Microfil 


m technology can be used to directly get miniature outputs from computers on films, Due to large 
ita compression ratio, huge volumes of data can be stored on microfilms and can be viewed using a 
projector. CAD-CAM (Computer Aided Design and Computer Aided Manufacturing) technology can directly 
convert the drawing instructions in a computer to a set of electrical signals which can be used to drive 
mechanisms to automatically manufacture products. 


To process data, both the data to process and the instructions to process them need to be stored in the 
computer, All Computer data and instructions can be stored in special locations of the computer called 
the computer memory. Depending upon the type of storage, two basic types of memories are Primary 


Memory and Secondary Memory. 
oP para Memory: The primary memory is the main memory of the computer and a computer cannot 


Secondary 
Memory 


Iseconda: 
le is used 
to store large 
volumes of data 


permanently inva 


run without it. Two types of primary memory are Random Access Memory (RAM) and Read Only Memory 
ROM). RAM is a volatile memory that is used to temporarily store instructions and data that are 
needed during a program execution. It is the working memory of the CPU and stores temporary data, but 
the contents are erased if the power is switched off. Whereas ROM is a non-volatile memory that_ 
stores it ictions that are required by the computer during start-up. The computer reads the instructions 
ently stored in the ROM every time power is on. 


Secondary Memory: However to store large volumes of data permanently we need a secondary 
storage device. The secondary memory is 2 permanent memory, where the results of data processing 
are stored from the RAM for future use. Unlike a RAM, one can store both programs and data permanently 
in a secondary storage. In case permanent storage of data is not required, secondary memory 
becomes optional. Therefore a computer may run without permanent storage, but it cannot work 
without primary memory. Magnetic storage media like hard disk, optical media like CD's, DVD’s and 
semiconductor flash memories are examples of secondary storage. 


Difference between Primary and Secondary Memory 


Primary Memory Secondary Memory 
Usually volatile memory Is a non-volatile memory 
Data is lost in case power Is switched off | Data is permanently stored even if power is switched off 


It Is the working memory of the computer | Tt is used for storage of data in the computer 
p | ‘A computer may run without secondary memory 
Examples are hard disk, CD-ROM, DVD, Flash drive 


Primary memory of the computer is composed of memory cells where each cell can store either a ‘0’ or a1’. 
The arrangement of 8 such cells forms a memory byte. In all modern computers, data is read or written 
to the memory in groups of several bytes. Such a group of bytes form a memory word. A word length 
can be of 32 bits or 64 bits. 


tv 
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ring a Read operation, the data stored in the memory cells gets transferred to the data lines, During a 
| Write operation, the data is transferred from the data lines to the memory cells. Whereas a read operation 


is a non-destructive one and retains the previous data, the write operation is a destructive operation 
whereby the previous data is lost after a write operation. 


Earlier Magnetic Ferrite Core Memories were used to design primary memory. During the 1970s 
Semiconductor Memory replaced these and is presently used to construct both RAM and ROM. 


ead Only Memory (ROM) 


ROM or Read Only Memory is a non-volatile permanent memory, the contents of which can be only read | Read Only 
but cannot be altered. Each computer has the ROM BIOS, which permanently stores the basic information Memory (ROM) 
needed by the computer during start-up after power is switched on. This is also called Firmware. 


There are various types of ROMs available. A common feature for all these is their ability to retain data 
and programs forever, even during a power failure. As described below, different types of ROMs are 


distinguished by the methods used to write new data to them and the number of times they can be 
rewritten. 


A 
— ROM: These are the first semiconductor ROMs that contained a pre-programmed set of data or 


Sate 


PROM (Programmable ROM): It is purchased in an un-programmed state. Special equipment called a 
device programmer is used to write the data into the PROM. The data is written by applying an 


electrical charge to the input pins of the chip. Once a PROM has been programmed in this way, its 
contents are permanent. 


“EPROM (Erasable and Programmable ROM): It is programmed in exactly the same manner as a 


PROM. However unlike a PROM, EPROMs can be erased and reprogrammed repeatedly. To erase an Bo 38 5 
EPROM it is exposed to a strong source of ultraviolet light. By doing this the entire chip is reset to its | Presently ROM 
initial un-programmed state. (It is also sometimes called an UVEPROM). 

_4- EEPROM (Electrically Erasable and Programmable ROM): Internally, they are similar to EPROMs, 
but instead of using UV light, the erase operation is done electrically. Any byte within an EEPROM can 
be erased and rewritten without the need to reprogram the whole chip, as in an EPROM. (It is pronounced 
as E* PROM). 


Comparison Chart for ROMs 
ROM (Read Only Memory) ROM 
PROM (Programmable ROM) Comparison 
EPROM (Erasable and Programmable ROM) sigs 


EEPROM (Electrically Erasable and Programmable ROM) 


y/ Random Access Memory (RAM) 


Programs are loaded into the main memory and run from there. Data is also loaded into the memory for | Random 

faster access. The type of memory in which all these operations are done is known as the Random Access | access 
Memory or RAM. It is so called because the amount of time required to access data stored in the RAM is the Memory (RAM) 
same, independent of the location of the data in the RAM. That is, the 
data can be randomly accessed with the same access time.|Whereas 
@_write operation on a RAM is destructive, a read operation_is_nan-. 

ive,/ However a RAM is volatile in nature and requires a /q 
regular supply of power to refresh its contents. In the absence of | J 


any refreshing supply or when the computer is switched off, the content of the RAM is lost. These are 
available as IC packages commonly called memory sticks in 512MB, 1GB, or 2GB modules. 


RAM is a volatile 


Depending upon its retentive power, a RAM can be broadly classified into a Static RAM and Dynamic RAM 
as described in the next page. 
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Ue | 5 Parmetc an a Deere oa» wat 
al | A DRAM cell has a very short data lifetime of about 4 milliseconds. To retain the data for a longer time, 
| the DRAM chip is refreshed at regular intervals of time before the data is lost. As the memory celj 
| needs to be recharged at regular intervals of time, such a RAM is called a dynamic RAM. It js 
| possible to fabricate a large number of these cells in a small area, resulting in a high bit density ang 


lower cost. Due to their low price and high packing density, these are used for the bulk manufacturing of 
| RAM in the form of IC chips of 512MB, 1GB, 2GB, 4GB capacity. 


o> | 2Atatic RAM (SRAM): Unlike a DRAM, SRAM is a type of RAM which can retain its contents as long as 
| electrical power is applied to the chip. However, like DRAM if power is switched off, its contents will be 
| lost forever. These are made using special memory elements called memory latch. Since these RAM do not 
| require periodic refreshing of the existing data, these are called static RAM and are much faster than 
| Dynamic RAM. However these memories have lower packing densities and hence are costly. 


Therefore SRAM is used in applications, where faster memories are required (as in cache memories), but 
| are used in smaller quantities like 512KB, 1MB, or 2MB. 


Comparison between DRAM and SRAM 


| 


also a volatile memory. 
Basic memory cell consists of several transistors only. 


SS Needs to be refreshed at regular Intervals of time to retain No need to refresh at regular intervals of time to retain its 
. its data. 


x data. 

eee Nea, NY Packing density Is high. Packing density is low. 
chip, Intel-1103, | Cost per bit is low. Cost per bit is high. 
was introduced in |) |_ Speed is of the order of 80 nanoseconds, 


October 1970 


ut : i 
Difference biw Full form is Random Access Memory. 
RAM & ROM | | Itisa form of temporary memory where the memory 


Speed is of the order of 20 nanoseconds. 
Used to make cache memory of a computer 


Used to make main working memory of computer 


Difference between RAM and ROM 


iP aa 2 RAM seats Gian 


It is a form of permanent or non-volatile memory where 


content is lost if power is switched off, the contents are stored permanently. 


Zs ee ts fon se Working rmerony of te It is usually used to form the BIOS chip of the computer. 


One can both read and write data to a RAM 


One can only read data from a ROM 


Bes Apart from the computing power, the other most important thing that has added to the speed and power of a 


Cache Memory 


computer is its RAM content. During the 70’s, a RAM content of 64KB was considered high. However with 
development in multimedia and game technology, the requirement for RAM has gone up. Compared to 64KB, 
@ present day general computer (as of 2014) has 2 GB to 4 GB of RAM. That means an increase of 1 


million times in RAM capacity over the past 30 years! All this has been possible with the introduction of 
newer and better RAM types over the years. 


Various types of RAM packages that have been developed over the years include DRAM (Dynamic RAM), 
| EDO RAM (Extended Data Out RAM), SRAM (Static RAM), SDRAM (Synchronous DRAM), RDRAM (Rambus 
DRAM), DDR SDRAM (Double Data Rate SDRAM), DDR2 SDRAM (Double Data Rate 2 SDRAM), etc. 


OP _s_24che Memory 


Cache memory Is also a type of volatile memory like RAM but is much faster than RAM. It is basically 


made using static RAM technology and hence the access time of cache memory is much faster than that 
of the RAM. It is thus used to temporarily store active dal 


ita and instructions during processing and functions 
in between the CPU and the main memory i.e. the RAM. : 


As most programs contain a number of iterative loops (such as while and for), if an instruction is executed 
there Is a likellhood of the same instruction being executed again soon. Similarly while working with tables, 
records or arrays of data, the processor works with the same set of data over a short period of time. This type 
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of instruction and data that Is needed frequently is stored In the cache memory of a computer for 
faster access. 


When a program Is running, and the CPU wants to read an instruction or data, it first checks if the same is 
available in the cache. If it Is found, it is delivered to the CPU. Otherwise a block of memory Including the 
requested information Is fetched from the main memory. This block of instructions Is then copled to the 
cache memory and delivered to the CPU. During execution of the program it is likely that there will soon be 
references to other words in the block recently stored In the cache. Thus the next time the CPU attempts to 


read a word it is very likely that it will find the same in the cache. This saves the time to again access the 
data from the main memory. 


A computer system can contain more than one cache memory. For example the Pentium group of 


have two different caches referred to as the L1 and L2 cache. The L1 cache is embedded into 
the processor chip while the L2 cache Is located outside the processor chip. 


buffer Memory 


The term buffer memory in a computer Is used to refer to an area of the memory that is used for 
temporary storage of data, while it is being moved from one place to another. Buffers are typically used 
when there is a difference between the rate at which data is received and the rate at which it can 
be processed. Usually the data is temporarily stored in a buffer as it Is retrieved from an input device (such 
as a keyboard) or just before it is sent to an output device (such as printer/speakers). 


Buffers can be created in a fixed memory location in hardware. However, a majority of buffers are 
implemented in software, which typically uses the faster RAM to store temporary data. This is helpful as 
the access time of RAM is much faster compared to hard disk drives. 


Among the various applications of buffers, these are used by printers to store the processed data from 
the computer. It is then supplied to the printer as per the speed of the printer. Another example of buffer use 
is in streaming online multimedia content. Without the use of a buffer, one would either have to wait 


for the entire file to load to the local machine before playing it, or have playbacks with breaks and jumps 
created by millisecond (or longer) delays in the incoming data stream. 


« Memory Registers 


Apart from cache memory, the processor contains several special high speed memory registers located 
inside the Control Unit and the ALU. These are used to store the current instruction and data, address of 
the next instruction to execute and the immediate result of any calculation done by the ALU. A register can be 
8, 16, 32 or 64 bits in size. This is sometimes called the word size. The processor directly communicates 


with these memory registers to access data and instructions and hence, more is the word size, faster the 
data can be processed by the CPU. 


Names and functions of some important registers are given below: 
= Memory Address Register (MAR): Used to hold the address of the current memory location 
«= Instruction Register (IR): Holds the current instruction that is being executed 

Program Counter (PC): Holds the address of the next instruction to be executed 

Input / Output Registers: These are used to communicate with the input/output devices 


Accumulator (ACC): It is used to store the result of any arithmetic operation in the ALU 


Memory Buffer Register (MBR): This is a buffer register used by the CPU to store data which is being 
transferred to or from an immediate storage (like RAM). 


Data can enter or leave a register either serially or in parallel. Thus there are four categories of registers 
depending upon the way the data enters and leaves a register. These are Serial-In-Serial-Out (SISO), 
Serial-In-Parallel-Out (SIPO), Parallel-In-Serial-Out (PISO), and Parallel-In-Parallel-Out (PIPO). 


2.6 The Processing Unit”... : 


The processor is the brain of the computer and is involved in doing all the calculations that take place 


whenever any data is processed. To execute a program, the processor should have the following 
Properties as described in the next page. 
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«It should read and write information (program and data) from and to the memory. 
* It should recognise and perform a series of simple commands to carry out the programs, 
« Itshould co-ordinate between different parts of the computer to carry out instructions 


For personal computers the main processor is known as a 
microprocessor (or 1p) which Is a single chip mounted on the motherboard. 
For larger computers, a single microprocessor may be replaced by several 
parallel processors which work together and hence increases the total 


Processing power of the computer. These are collectively known as the 
Central Processing Unit or CPU. 


Central Processing Une 
2% (cru) 24 


The CPU is the brain of any computer system and Is made up of two basic 
Components, namely the Control Unit (CU) and the Arithmetic and Logic Unit (ALU). The CPU alsy 
contains a set of memory registers to temporarily store instruction and data, during processing. 


Each processor has its own instruction set built into its hardware. It uses these instructions to process data, 
The instructions to carry out to process data are given to the c 


a ‘Omputer in the form of a program. The) 
execution of each instruction is done in three steps. These are the Fetch, Decode, and Execute, 
operations. The ‘fetch’ operation is used to load the Instruction and data into the main memory of the 


1 : ona | 
computer. The ‘decode’ operation is then used to decode the instruction. The ‘execute’ operation is finally, 


used to follow the decoded instruction and process the data accordingly. The processed data is then stored) 
back in memory, to be used as required. 


* The Control Unit (CU) 


During data processing, the Control Unit carries out the following functions: 


Control supervision: The Control Unit acts like a supervisory unit in the CPU and is responsible for 
issuing control instructions to carry out different functions of the CPU. 


Activate memory locations: To read the data and instruction from the main memory, the CU issues 
control signals to activate those memory locations. Data and instructions are then transferred from the 
main memory to special purpose registers in the Control Unit. 


Decode instructions: The decoder present inside the CU is used to decode an instruction and send 
appropriate signals to the ALU to process the data. 


Generate write signal: The processed data needs to be transferred from the temporary memory 


registers in the CU to the main memory. The control unit issues a write signal to write the processed:data 
to different memory locations in the main memory. 


Control Coordination: The control unit is responsible for coordination between the memory and different 
input/output devices. As an example, the control unit may load two numbers into the registers in the ALU 
and tell the ALU to add the two numbers or to check if the numbers are equal. 


¢ The Arithmetic and Logic Unit (ALU) 


The Arithmetic and Logic Unit (ALU) is the place where the actual 
execution of the instructions takes place during data processing. It is 
responsible for carrying out arithmetic operations (like addition, subtraction, 
etc.) and different logical operations (like checking equality, >, <, AND, OR, 
etc.). To carry out these arithmetic and logical operations, the ALU contains 
some special purpose registers, an adder and a comparator circuit. 


During a calculation, data is first moved from the main memory (RAM) to 
temporary storage registers in the ALU. The data present in the storage 
register and in the Accumulator are then transferred either to the Adder . 
circuit or to the Comparator circult for necessary calculations or —_—!0ck Diagram of an ALU 
comparison. After an operation the result is stored back in the Accumulator. Finally the result is moved from 
the Accumulator to the maln memory through the storage registers. 


The Arithmetic and Logic Unit therefore carries out the following functions: 


"Fetch data: The ALU fetches the data that needs to be processed and stores them into temporary 
memory registers for processing, 
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* Carry out calculations: Based on the control signals generated by the Control Unit, the ALU carries out | 
various operations like addition, subtraction, multiplication or division etc. 


« Compare data: Other than doing calculations, the ALU can also compare two sets of data like check for 
equality or in-equality based on the control signals generated by the Control Unit. 


= Logical operation: Logical operations like logical AND, OR, NOT etc. are carried out by the ALU. 


= Store processed data: The processed data is transferred from the Accumulator to the proper storage 
locations as per the control signals generated by the control unit. 


* Microprocessor ay 

When the functions of a CPU are integrated on a single integrated circuit (IC) using ultra large scale, Nioropracassor 
integration (ULSI) technology, then it is called a microprocessor. In a microprocessor trillions of transistors ““roPrere=s0 
that are used to form the different components of a CPU are packed into a single chip. By packing all 

the parts of the CPU within a single chip increases the processing power of the processor. The first 4-bit 

microprocessors were used for making electronic calculators during the early 1970s. 


8-bit microprocessors were the first to be developed. The bit number indicates the number of bits the BE 53 
processor can process at a time. Thus an 8-bit microprocessor can process 8 bits at a time. The world's first | ee th 
8-bit microprocessor was Intel's 4004 microprocessor introduced in 1971. It was followed by the 8008 | Intel's 4004, the 


e i | first microprocessor, 
microprocessor in 1972. at was designed for 2 
Introduced in early 1973, National Semiconductor's IMP-16 was the first 16-bit i calculator 


microprocessor. This was followed by Intel’s 8088, which was used in the first IBM 
PC, It was the first member of the Intel 80-x86 family (80186, 80286, 80386, 80486) that 
was used in most modern PCs. 


The world's first 32 bit microprocessor, the BELLMAC-32A, was developed at the AT&T Bell Labs in | 
1982. Intel introduced its 32 bit processor the 80386 during 1985. It became the predominant processor || When the 


architecture for desktop and laptop computers at that time. AMD's Athlon and Intel’s Pentium 4 are best || functions of a 
examples of other 32 bit processors. || CPU are 


AMD's AMD64 microprocessor introduced in 2003 and Intel's 64-bit architecture the Intel 64 led to the || integrated on a 
beginning of 64-bit computing. Both versions can run both 32-bit applications as well as new 64-bit || S"g/@ edhe 
software without any performance penalty. circuit (IC), then 


i ‘is called a 
yMicroprocesso 


| 


Multiple core processors were the next development in processor technology. For 
example a dual core processor is basically two microprocessors built into one IC package. 
This effectively multiplies the performance of the processor as compared to a single core 
processor. AMD’s Athlon X2, Intel's Pentium D, Centrino Duo, Xeon and Core 2 Duo, Core 
13, i5, i7 processors are examples of multi-core processors. 


Since RAM is a volatile type of memory and nothing can be permanently stored in it, to save our data files | Storage 
Permanently, we require secondary memory devices. In these storage devices the cost per byte of | Devices 
storage is much less compared to primary memory. For example, whereas a 2 GB RAM costs around 
Rs. 1200/-, a 2 TB hard disk drive costs around Rs. 6000/- (as on 2014). Various types of common storage | 
devices are discussed below. 


* Magnetic Hard Disks |The first hard drive | 


was created in | 


Magnetic hard disks are the most common type of direct access storage 
devices (DASD) used to store data digitally. In a hard disk, data is recorded 
permanently on one or multiple circular disks called platters. The disk is 


1979, and could 
| hold just SMB of 


made of a non-magnetic material like an aluminium alloy over which a thin film ak hard drives | 
of a ferromagnetic material is applied. Data is recorded by magnetising the | with 20MB capacity | 
ferromagnetic material. | cost about 

To read or write data onto the disk, a motor spins the disk at a very high | peed at drive 
speed of around 7200 rounds per minute. A read-write head mounted on an | today holds 8GB 
arm is used to write data onto the disk or read data from the disk. A motor memory and costs 
Positions the arm containing the read/write head on the disk from where the data is to be read or written. less than Rs.500/ 
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During writing data, the read-write head lays down a magnetic pattern representing binary ‘O's ang 
“1's on the magnetic disk. When reading from the disk, the read-write head senses the magnetic pattern op 
the disk and converts them back to binary ‘0’s and ‘1's. 


— on | Magnetic hard disks can be used in a computer system only after they are prepared by a process called disk 
| dj | formatting. During formatting, a pattern is laid out on the disk which divides the surface of each disk into a 


\n 
\ permanently on | 


umber of invisible concentric logical circles called tracks, There can be from a few hundred to a few 


thousand tracks on a single disk surface. The tracks are numbered consecutively from the outermost to the 


\ one or more | innermost track, starting from 000. In a multiple platter disk pack, the tracks with the same diameter and 
\ circular disks | located on the different surfaces of different platters form a cylinder. Thus the total number of cylinders ina 
called platters, disk pack is same as the number of tracks on a single side of a disk. Each track is again further subdivided 
coated with a | into smaller sections called sectors. Disk drives are designed to read/write whole sectors at a time, 


| magnetic material | Typically there are 4-32 sectors per track and 512-4096 bytes per sector. Some operating systems like 


| 


Windows combine several sectors to form clusters. 


There can be two types of hard drives based on the type of 1 tae it 
| read/write heads provided. In a fixed head type disk, there cecal Track 
are individual heads provided for each track of the disk. While in ' 000 
a moving head type disk there is only one read/write head \\ \ 
provided for each surface of the disk. ' @) 
Several factors determine the time required to access the data a 
during a read/write operation. The disk access time is the 999 


oP 


Seek Time 


oe 


Latency 


The time required 
to position the 
required sector 

| under the 

| read/wri 

| és called | 

| or Rotationa! 
Delay. . 


interval between the time a computer makes a request for 
transfer of data from the disk to the primary memory, and the time this operation is completed. To locate 
the data on the disk, the disk address of the particular data block needs to be given. As the disk address is 
given by its surface number, track number, and the sector number, the read/write head needs to be 
| positioned based on the above parameters. Based on these, the disk access time depends upon: 


| = Seek Time: The time required to position the read/write head from the current cylinder or track to 
the desired cylinder or track is called the Seek Time. The seek time varies, depending upon the 
| position of the read/write head when a data request is made. The average seek time is of the order of 
10-20 millisecond depending upon the make or model. 


= Latency: Once the cylinder/track is selected and the read/write head is activated, the time required to 
position the desired sector under the read/write head is called Latency or Rotational Delay. It 
varies depending upon the initial position of the sector with respect to the read/write head and also upon 
the rotational speed of the disk, which may be of the order of 7200 rpm. Average latency time is given by 
the time required for the disk to make half a revolution and is of the order of 5-80 milliseconds. 


" Data Transfer Rate: Once the read/write head is positioned, the rate at which the data is read or 
written onto the disk is called the Transfer Rate or Block Transfer Time. It is usually expressed in 
thousands of bytes per second. The transfer rate depends on the rotational speed of the disk. More the 
speed more data will get transferred per unit time. 


Thus the Access Time is the sum of the Seek Time, Latency, and Data Transfer Time. The access time 
needed to locate and transfer a disk block is of the order of 12-60 milliseconds. Of these, the seek time and 
latency are much higher than the block transfer rate. 


The gap between the head and the platter is agPap between hard disk Diameter of 
very small and of the order of several nano- platter and RWhead human hair 
metres (10° m) only. Due to this extremely close 
spacing, even a small dust particle can lead to a 

hard disk crash. To avoid this, the disks are 

| Nowadays stored in an airtight box using a 
technol called Winchester technol and the a eae: 

disk is caled a Winchester disk. Heady, Me" Haag Plater surface 


A typical modern hard disk can store between 500 to 2 TB of fi iz = byt 
data and rotate at 5,400 to 10,000 rpm with an average data AM (KB) = jhe 

fj 4 Megabyte (M8) =2"°KB ..=1024KB 
transfer rate of 70MB/sec or higher. As of 2014, the highest 1.Giga GB) a Wades 1024 aes 
capacity hard disk available is 2 TB. Removable external 47 byte (GB) eta x 
hard disks are also available for backup. vt (TOR ZE GOS nm Cet CBE 
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e Magnetic Floppy Disks 


Another type of direct access storage device is the floppy disk, which is a 
removable plastic diskette and has a much lower storage capacity. Two 
different standards of floppy disks were available. The first one was the 5%" 
variety with a storage capacity of 1.2MB, and the second was the 312" one with 
a storage capacity of 1.44MB. Nowadays floppy disks have become 3%" Floppy 
obsolete, being replaced by higher capacity flash drives. 6%" Floppy 


Instead of a metallic platter as in a hard disk, floppy disks were constructed using a thin plastic disk coated 
with a magnetic material. These were available in various capacities depending upon the density of the 
magnetic material applied on the disk and the number of surfaces used. Accordingly there were SSSD or 
Single Sided Single Density, SSDD or Single Sided Double Density, DSSD or Double Sided Single Density, 
DSDD or Double Sided Double Density type disks (which have 1.44 MB capacities). 


Following are the disadvantages of using magnetic disk storage: 


1. Lower Efficiency for Sequential Processing: For applications requiring sequential processing of data a 
sequential device like a magnetic tape is more efficient than a magnetic disk. 


2. Low Security: It is difficult to maintain the security of information stored in magnetic disks used as a 
shared secondary storage device. 


3. Prone to Easy Data Loss: A disk failure or disk crash can result in the loss of the entire infortnation 
stored in the disk. It is also not easy to recover the lost data. 


4. Higher Cost per Bit than Tape: The cost per bit of storing in a magnetic tape is lower than a magnetic 
disk. 


5. Less Portable: Disk packs like magnetic hard disks are not so easily portable like Magnetic tapes though 
portable hard disks are available at present. 


6. Needs Special Care: Jerking should be avoided while working on a magnetic hard disk. 


e Magnetic Tape Media 


Magnetic tapes have been used for computer data storage for a long time since 
1951. Unlike magnetic hard disks, a magnetic tape is a sequential access 
storage device (SASD). A hard disk drive can move its read/write heads to 
any random part of the disk platters in a very short amount of time, but to 
access the n™ block in a magnetic tape a tape drive must wind the tape to first 
skip the first (n-1) blocks to get to the n™ block. The sequential access makes 
the tape slow and is not used to store online data. It can be used to store 
very large files. It is usually used to keep a backup of the data from the 
hard disk, in case of a hard disk crash. A DAT (Digital Audio Tape, with capacities of up to 1 TB are available) 
is basically used for this purpose nowadays. 


In a magnetic tape, data is stored as binary digits on a ribbon made of a polymer 
material and coated with a magnetic substance. The width of a magnetic 
tape varies from ¥%2” — %”" and is 50 to 2400 feet in length. Data is read or written 
in parallel tracks along the length of the tape using read/write heads, which change 
the magnetic property of the tape to store binary ‘0's and ‘1's. The tape speed and 
the data density determines the data transfer rate of the tape. The data density 
is in bytes per inch (BPI) or characters per inch (CPI) and varies from 1600 to 
6250 CPI. The tape speed is expressed in inches per second (IPS). Data is 
usually grouped into blocks separated by a space called inter-block gap (IBG). 


Advantages of a magnetic disk over magnetic tape: 
a) Random Access: Unlike magnetic tapes, magnetic disks support random access of data. 


b) Fast Data Read/Write: Due to their random access nature, data from magnetic disks can be accessed in 
few milliseconds which is not possible in case of a sequential tape. 


€) Shared Device: Due to their random access properties, multiple users often use magnetic disks 
simultaneously as a shared device. A magnetic tape Is not suitable for such purpose. 
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d) High Data Transfer Rate: Data transfer rate of a magnetic disk is usually higher than that of a Magnet, 
tape. 

e) More Durable: A magnetic tape can snap easily causing unrecoverable loss of data. Similar problems rn 
not arise in case of a magnetic disk. 


A CD or Compact Disk was originally used to store and playback music in a digital 
format. Later during the 1980s Sony and Philips developed a standard to store any 
type of binary data in a CD format. Presently a CD is used to store and distribute 
music, video, data, software etc. 

A CD is a DASD made of polycarbonate plastic disk of 12 cm diameter and 1.2 mm thickness. Smalley 
8 cm diameter CDs are also available. The total capacity of a 12 cm CD Read Only Memory or CD-ROM is 709 
MB and its audio running time is about 84 minutes. 


Data is stored in a CD spirally from the centre of the disk 
to the circumference, in sectors, However, unlike a hard 
disk sector, the sectors of a CD are of equal length (see 
diagram). This ensures a higher data storing capacity as 
there is no wastage of space. 


Because the outside area of a spinning disc is moving faster 
relative to the inside area, the motor must vary the Compact Disk Hard Disk 
speed of the CD to ensure that the surface of the disc is 

always moving at the same speed underneath the laser read head. This keeps the linear speed of the track 


same. 


A CD-ROM drive is used to read data from a CD. The drive uses a tray system that slides out to load the 
disc. To read or write the data a variable-speed motor is used to spin the disk. A CD-ROM read head is a 
combination of a laser lens, which focuses a laser beam towards the surface of the disc and a sensor 
which determines whether the beam was reflected from the surface of the disk or not. The binary data stored 
in the CD is read by the sensor which detects the reflection or absorption of the laser beam to 
determine a binary ‘0’ or ‘1’. 


Based on the type of use and the manner in which the ‘O's and ‘1's are encoded in a CD, there can be 3 
different types of CDs as described below. 


Aluminium data layer 


1. CD-ROM: This type of CD is a read only media made of a thin 
aluminium layer placed between two clear plastic layers. Data is 
stored on the disc as a series of land and pit etched into the Land 


clear plastic layer. A land represents a binary 0 and a pit represents Gisor pestis 

a binary 1. A laser light is shown on the reflective aluminium Laser 

surface of the disc to read the land and pits. When there is a land, YS sor S Ne 
the laser gets reflected from the land and is sensed by a sensor. 

When there is a pit, the laser falls into the pit and gets scattered. The scattered light is not sensed by the 
sensor (see diagram). This pattern of changing intensity of the reflected beam is converted to binary 
data. 


2. CD-R: It isa CD-Recordable media, also called a Write Once Read Many (WORM) type media, where the 
user can write data on the CD only once, but read it many times. The reflective aluminium layer in 
such a disk is covered with a special reactive dye. To write data, a high power laser is shown on the dye 
layer. The dye gets discoloured wherever the laser falls. The coloured part can reflect light and the 
discoloured part scatters light. Hence the coloured and discoloured surface of the dye can be used to 
represent the land and pit of a normal CD-ROM. The CD is then read by a low power laser. 


3. CD-RW: This type is a CD Re-Writable media, which can be both written and read many times. The 
reflective aluminium layer in such a disk is covered with an amorphous crystalline material. Initially 
the crystalline material is transparent in nature. To write data, a high power laser is used to change the 
transparent crystal to opaque, where the light falls. The transparent and opaque surface is then used 
to represent the land and pit of a CD-ROM. To re-write data, the CD-RW has to be formatted to the clear 
crystal state again, before new data can be written. The CD is read by a low power laser light. 
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« Digital Versatile Disk (DVD) 


A DVD or a Digital Versatile Disk (also called a Digital Video Disc) is an optical storage pve 
media like a CD, but stores much more data than a CD. The maximum capacity of a DYD oN 
dual layer DVD is about 8.54 GB as compared to a CD of 700 MB capacity (more than 10 
times!). Its main uses are video and data storage. DVDs are of the same dimensions as 


compact discs and are available as the standard 12 cm type and the 8 cm mini-DVD type 
mainly used for video cameras. 


A 650 nanometre wavelength laser light (unlike the 780 nm laser used in a CD) is 7 a 
used for reading data from the DVD. The lower wavelength allows for a higher data A pve} isan 
density in a DVD and an increased storage capacity. Data is written on a DVD using the | optical secondary 
same technique of land and pits used in a CD. | storage device. It 
DVDs are available as single layer with 4.7 GB capacity and as dual layer with 8.54 GB capacity. The dual | ‘ available with a 
layer version uses a second physical layer within the disc to store the extra data. It is made of a thick | Capacity of 4.7 
polycarbonate disk providing the foundation, This layer is followed by a thin opaque reflecting layer and a thin || 48 and 8.54 GB 
transparent film. The final layer is a clear protective plastic layer. In a dual layer DVD, data is stored both 
in the transparent film layer and the reflecting opaque layer in | 
opposite spiral paths as shown in the diagram to the right. In such a = Recording on layer 1 
disk, the lower layer data spiral starts from the centre, and the upper (; YX from centre 


ide 
layer data spiral starts from the circumference where the upper layer tous 
data spiral ends. The drive with dual layer capability accesses the Recording on layer 2 


second layer by focussing the laser through the first irom outa 

semitransparent layer onto the opaque layer. S74 

+ Blu-ray Disk (BD) ey 
Blu-ray Disc (or BD) is an optical disc storage medium that can have a capacity of up to , = Blu-ray Disk 


50 GB. The first Blu-ray Disc rewritable drive for the PC was marketed during July 2006. Its z 
main uses are high-definition video and data storage. The physical dimension of a Coe 


BD is same as a standard CD and is 12 cm in diameter. 
The name Blu-ray Disc is derived from the blue laser that is used to read data from the oe 2 = 
disk. The shorter wavelength ensures that more data can be written in a compact form than 


A Fy is an optical 
secondary storage 


a © or DVD within the same space. Blu-ray Discs also use a better data encoding method 
that further increase the storage capacity. Data is written onto a BD using the same device. It is 
mechanism of land and pit as used in a CD/DVD. 


BD-Drive BD-RE 


| | available with a 
capacity of 25 
GB and SO GB 


Just like a single and dual layer DVD, a BD is also available as a 
single layer 25 GB type and a dual layer 50 GB type.. The 
theoretical maximum speed for Blu-ray Discs is about 12x. At 
this speed, data can be read at 54MB/sec. Further high 
speeds in excess of 10,000 rpm cause the disk to wobble and 
the reading becomes unstable. 


Other than 2 BD-ROM, recordable (BD-R) and rewritable (BD-RE) blu-ray disks are also available. BD-R | 
discs can be written to only once, whereas BD-RE can be erased and re-recorded multiple times. 


« Flash Memory x 

Flash memory is a solid state storage device, which means that there are no mechanical moving parts and 

everything is done electronically. It works similar to an EEPROM and uses a special transistor which | !@Sh Memory 
makes the flash memory non-volatile in nature, that is, the data is not lost even if the power is switched off. | ___ _& = 

The read time of a flash memory is about 10’s of nano seconds per byte and writing time is about several 5 
microseconds. Typical sector sizes in a flash device are in the range 256 bytes to 16KB. It has also a high ae * 


storage density and is available at a low cost. However unlike an EEPROM, flash devices can only be 
erased one sector at a time and not byte-by-byte. 


Flash memory is nowadays used In various applications lke In the computer's BIOS chip, SmartMedia, 
CompactFlash (which are usually found in digital cameras), Pen Drives (used as a removable storage device 


for general data backup and storage), memory cards used as solld-state memory disks in laptops. Some of 
these are discussed In the next page. 
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1. SmartMedia: SmartMedia format developed by Toshiba was launched in 1995 as a successor to 
computer floppy disk and was called the solid-state floppy-disk card (SSFDC). These use flash me, the | 

| and are available in capacities ranging from 0.5 MB to 128 MB. The card was the smallest and thinn 

of the early memory cards, with less than 1mm in thickness and was popular in digital camera storage | 


2. Compact Flash: These cards were developed by Sandisk in 1994. The largest Compact 
Flash cards commonly available currently are the 32 GB models from various 
manufacturers. These cards are 43 mm wide and 36 mm long and have transfer rates 
of 45MB/sec. (read) and 40MB/sec. (write). Unlike a SmartMedia, these use a 
controller chip, which enhances the performance. These are used in digital cameras to 
store high resolution digital images. 


3. Pen Drive: A USB flash drive consists of flash memory integrated with a USB 
interface. These are now used as a replacement to the much smaller capacity floppy 
disks, and are commonly available in 4, 8, 16, 32, 64 GB sizes. Some drives allow 1 
million write or erase cycles and have 10-year data retention. Flash drives are also not 
prone to dust and scratches and are mechanically very sturdy. Hence these are suitable 
for transporting data from place to place. Compared to hard drives, flash drives also use little power 
have no moving parts, and are small and light. fs 
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CPU Registers 


When the CPU wants to access some data, it first looks for it in the memory registers. If 
not found there, it then looks for the data in the cache memory. If the data is absent in 
the cache memory, the CPU next searches for the data from the RAM. If the data is not 
present in the RAN, it has to be loaded from the secondary storage devices like the Hard 
Disk. Back-up media like CD, DVD, etc. are used to preserve data for future use. 


| The storage cost per bit of backup devices is the least. As the cost-per-bit increases, 
| the memory size also decreases. Thus whereas secondary storage like HDD and tape 
| drives are available in capacities of even up to 2 TB, Primary memory like RAM is used in 
| the range of 2 to 4 GB, whereas cache memory is available in the range of 2 to 4 MB only 
| (as on 2014). 


The following chart gives a classification of the various types of primary and secondary memory in 
| use. Some of these, like punched card and punched tapes are obsolete now, whereas others like Blu-ray 
Disks are recently available in the market. 


Primary and Secondary Memory Classification 
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2.8 Communication Bus 


The System Bus serves as the main highway that connects the different parts of a computer. These 
are a set of parallel wires through which data, address and control Information flows from one part of the 
computer to another. The system bus can be broadly classified Into the Internal bus and the external 
bus. internal bus is used to connect the internal components of the CPU i.e. the ALU with the set of 


registers and cache memory. ‘The external bus on the other hand connects the CPU with the external memory 
‘and the Input/output systems. | 


There are various devices that need to be connected in a computer system. One can connect these 
devices to the CPU using different communication buses. However, using a common bus It Is easier and 
cheaper to make new connections to the same set of lines than using separate lines for separate devices. 
Since only a particular subsystem can use the bus at any time, proper rules need to be followed to allow a 
particular subsystem to use the common communication bus at a time. 


The bus is implemented on the motherboard as a set of parallel wires etched onto the motherboard. On a 
processor board, the bus consists of three main components namely the Address Bus, Data Bus, and the 
Contro] Bus. 


“keds Bus: The Address Bus connects the CPU and RAM and carries the memory addresses. 
Every storage location in the memory has a unique address. In order to retrieve some data from memory, 
it is necessary to specify the address of the memory location where the data is stored. The Address 
Bus is used to carry the address of a memory location whenever data needs to be transferred to or from 
the memory. The number of wires in the bus determines the number of memory locations that can be 
addressed by the CPU. 


Bata Bus: The Data Bus is the electrical path 


can transfer four bytes of data, whereas a 64 
bit bus can transfer 8 bytes of data at a time.) 


Bus: In addition to sending addresses 


=< 
and exchanging data with the memory, the : ; = 
CPU also needs to send control signals to 


Feuer] 
Storage Devi 
the memory to specify whether the data is to == 


be read from or written to the specified address location. The control bus thus carries signals, which are in 
the form of READ/WRITE commands. It also sends signals to ENABLE particular devices. 


A memory access by the CPU involves all the three buses — the control bus carries the memory access 
command, the address bus carries the memory address from where the data needs to be fetched or written, 
and the data bus carries the actual data to and from the memory. 


There are various bus architectures like ISA, EISA, PCI, and USB that have evolved over the years. This 
development was a result of the development of computer hardware and the requirement for higher and 


Addi 
that connects the CPU, memory and other ie 
hardw: locations from where data ee | Data 
needs to be transferred, The number of Bus 
wires in the bus determines the amount of data i fkaslé i Coniral 

iven ti mel 
that can flow at a given time. Thus'a 32 bit bus “ 
(ALU) 


Internal Bus 


higher data transfer rates. The increased data transfer rate was a requirement for the high end graphics and || 
video data that needed to be transferred through these buses in applications like computer games, playing | | 


audio and video on computers etc. 
Iniversal Serial Bus (USB) 


This type of bus system was released in_1998 to attach low speed Input/output devices to a computer. Using 
an USB, theoetically upto 127 devices can be attached to a computer. The standard uses the same type of | 
cable for all types of devices. An USB cable consists of 4 wires — two for data, one for power, and 
one for ground. Voltage transitions are used to transmit the binary ‘O's and ‘1's. 


The earliest standard was the version 1.0 that ran at 1.5 Mbps and was suitable for keyboard, mouse, and 
digital cameras. The latest standard Is version 2.0 which runs at 480 Mbps and supports printers, digital 
cameras, USB flash drives, and other high speed peripheral devices. Presently, USB is the most popular 
communication bus used to attach peripheral devices to a computer. 
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* Data basically means a collection of facts or raw materials 

= When the raw data Is processed as per the requirement of the individual then we get a more useful and meaningful 
interpretation of the data which Is called Information 

= The process of converting data to information is called Data Processing 


* The data in a system can be the information from another system. The information processed bya 
system can serve as the data for another system 


* Based on the location of the Information, it can be classified into five levels as International Information, National 
Information, Corporate Information, Departmental Information, and Individual Information 
* The computer stores single pieces of information in units called fields or attributes like ID, name, etc, 
Several such related fields together form records. Several such records of a similar type form an entity 
set. A set of records which form an entity set are taken together and stored as a file 
* Data can be broadly classified Into Physical Data type and Logical Data type 
| = Physical Data Indicates the process in which the raw data gets stored in the computer 


* _ Logical Data indicates the logical arrangement of data as viewed by the user or the application programmer 

* Data processing by a computer involves generally three basic steps viz. 
and the total process is called a Data Processing Cycle or IPO cycle 

* During the input phase the raw data to be processed Is input into the Computer system by means of various input 
devices and stored in various media like the hard disk, RAM etc. before it is Processed 

The process phase is used to actually modify or process the data to get the desired information 

* During the output phase the processed data is returned back to the user. This output can either be displayed to the 
user, taken in a printed form, or can be stored for further Processing 

* Inan Electronic Data Processing System (EDPS) computers are used to Process data electronically 

* A Management Information System (MIS) involves data Processing related to the internal working of a business for 
Proper business management 


* Decision Support System (DSS) is a computerised data Processing system that supports a MIS and 
deals with business decision-making activities 

* Transaction Processing System (TPS) is a system used to Process data during a transaction in database system 

* Data processing requires an input device, a processing device, memory, and an output device. These 
form the basic building blocks of a computer and are collectively called computer hardware 

= Software is a sequence of instructions that needs to be given to the computer in a language that the computer 
understands to make the hardware work 

* In case a part of the software is permanently stored in a computer in a read only type memory, then 
such software is called firmware. They keeps information related to the computer system 

= Apart from the computer hardware and software, there is a third entity without which the computer will not run. It 
is called liveware or humanware and consists of the Persons who operate the computers 

* The most common input device is the Keyboard. It resembles a mechanical type-writer where the 
alphabets are placed in the QWERTY format along with the digits 0 to 9 and punctuation symbols 

= Of the different types of keyboards available, the elastomer-dome-switch keyboards are the most common ones 


= A mouse is a point and click input device used to point and select an item on a Graphical User 
Interface (GUI) 


* A mechanical mouse and an optical mouse are the two types of mouse available based on the way a mouse 
determines its position on a surface 


*  Ascanner is an input device which can be used to input images and documents into the computer 
* Drum scanners are used by the publishing industry and can scan highly detailed images 

«  Abarcode reader is used to scan ready product information from product labels 

"A touch screen is a display screen where the user can enter data by touching the screen at specific locations 


* A light pen is a point and draw input device which allows the user to point to objects displayed on a 
CRT. These are also used for computer aided design applications 


* Optical Mark Recognition (also called Optical Mark Reading or OMR) is the process of detecting data from pre- 
printed document-forms marked by humans 

«Optical Character Recognition (OCR) technology is used to optically scan pages containing text and 
then to identify and save the scanned data as a text file instead of an image file 


* Magnetic Ink Character Recognition or MICR technology is used mainly by banking systems for faster processing of 
large volumes of cheques 

= Web cameras or simply web cams are input devices used for video capturing and are connected to a 
computer through an USB port 

* Card readers are electromechanical devices that were used to read the information punched into a paper card 


Input, Process, and Output 
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» Punched tape readers were electro-mechanical devices that were used to Input information punched 
ils tape. These used mechanical sensing pins to read the characters punched in each line of 
= Agraphic tablet or simply a tablet is an inj 


the image Is directly transferred to the computer display and can be saved 


Microphones can be used to directly input audio signals like voice or music into the computer 
= A visual display unit (VDU) is the most widely used ou! 


Fs itput device, It uses a display screen and electronic circultry to 
display a picture corresponding to the video signal sent by the computer 


» There are two main technologies used to manufacture a VDU, namely CRT and LCD type displays 


= A colour monitor has three electron guns that correspond to the primary colours red, green and blue and emit 
streams of electrons that overlap and produce any colour 


A display adapter is used to generate the video format compatible with a particular monitor 

In a high resolution colour monitor 8 bits are used per pixel to represent different intensities of the colours red 

(8bits), green (8bits), and blue (8bits). Thus using 24 bits a total of 224=16.8 million colours can be produced 

‘There are two types of LCD's namely Passive Matrix LCD and Active Matrix LCD (or TFT monitor) 

= In an impact type printer, the image is produced on a paper by some electromechanical impact device just like the 
working of a mechanical typewriter 


* Instead of printing a character at once, a Dot Matrix Printer uses a group of pins of very small radius 
to strike the ink ribbon and create a dot at the point of impact 


Daisy Wheel Printer are character printers where a special type of wheel called a Daisy Wheel contains the set of 
characters used in the printing process 


Line Printer is an impact printer used to print a complete line of text at a time at a very high speed 
In a non-impact type printer the image is formed on paper without the need for any hammer or ink ribbon 


An inkjet printer is a non-impact printer which prints by ejecting microscopic drops of ink through tiny 
ink nozzles in the print head 


Laser Printer is a non-impact type printer which uses dry ink (called toner), static electricity and heat to deposit and 
bond the ink onto the paper 


A plotter is similar to an inkjet printer, but is used for printing on continuous Paper rolls 

CAD-CAM (Computer Aided Design and Computer Aided Manufacturing) technology can directly convert the drawing 
instructions in a computer to a set of electrical signals to drive mechanisms to automatically manufacture products 
The primary memory is the main memory of the computer and a computer cannot run without it 

Two types of primary memory are Random Access Memory (RAM) and Read Only Memory (ROM) 


RAM is a volatile memory that is used to temporarily store instructions and data that are needed 
during a program execution 


ROM is a non-volatile memory that stores instructions that are required by the computer during booting 


The secondary memory is a permanent memory, where the results: of data Processing are stored 
permanently 


One can store both programs and data permanently in a secondary storage 


PROM (Programmable ROM) is a type of ROM which the user can program only once using a device 
programmer 


EPROM (Erasable and Programmable ROM) is programmed similar to a PROM. However unlike a PROM, EPROMs can 
be erased using UV light and reprogrammed multiple times 


EEPROMs (Electrically Erasable and Programmable ROM) are similar to EPROMs, but instead of using 
UV light, the erase operation is done electrically 


A simple Dynamic RAM cell is a volatile memory that usually consists of a transistor and a capacitor and needs 
continuous refreshing to retain the data 


put device on which the user can draw anything using a special pen and 


SRAM is a type of RAM that retains its contents as long as electrical power is applied to the chip 


Cache memory is also a type of volatile memory like RAM but is much faster than RAM. It is basically made using 
static RAM technology and hence its access time is much faster than RAM 


The term buffer memory in a computer is used to refer to an area of the memory that Is used for 
temporary storage of data, while it is being moved from one place to another 
The processor contains several special high speed memory registers located inside the Control Unit and the ALU 


Registers are used to store the current instruction and data, address of the next instruction to execute 
and the immediate result of any calculation done by the ALU 


= Memory Address Register (MAR) is used to hold the address of the current memory location 
Instruction Register (IR) Is used to hold the current Instruction that Is being executed 
Accumulator (ACC) Is used to store the result of any arithmetic operation In the ALU 


The processor Is the brain of the computer and Is involved In doing all the number processing that 
takes place whenever any data Is processed 
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CPU is made up of the Control Unit (CU) and the Arithmetic and Logic Unit (ALU) 

The Arithmetic and Logic Unit (ALU) is the place where the actual execution of the instructions ta 
place during data processing ke 
Each processor has its own instruction set Implemented Into its hardware. It uses the instructions available Inj 
instruction set to process the data r 
When the functions of a CPU are Integrated on a single integrated circuit (IC) using ultra large seq 
integration (ULSI) technology, then it is called a microprocessor 

Magnetic hard disks are the most common type of direct access storage devices used to store data digitally 

Data Is recorded on a hard disk by magnetising the ferromagnetic material covering of the hard dig, 
platter. The direction of magnetisation Is used to represent either a ‘0’ or a‘1’. 
When a new file is created, the location of the file is written in a table on a specific location on the hard disk cai 
the File Allocation Table or FAT 

Magnetic hard disks can be used In a computer system only after they are prepared by a process calle, 
disk formatting ; 
During formatting, a pattern is laid out on the disk which divides the surface of the disk into a number of invisibly 
concentric logical circles called tracks 

Each track is further subdivided into smaller sections called sectors 

‘Seek Time is the time required to position the read/write head from the current track to the desired track 

Latency or Rotational Delay is the time required to position the desired sector under the read/writ, 
head once the cylinder/track is selected and the read/write head is activated 

To avoid contamination, the hard disk platters are nowadays stored in a sealed airtight box using a technolg, 
called Winchester technology and the disk is called a Winchester disk 

Another common type of direct access storage device is the floppy disk, which is a removable plastic 
diskette and has a much lower storage capacity of 1.44 MB. These are obsolete now 

Unlike magnetic hard disks, a magnetic tape is a Sequential Access Storage Device (SASD) 

In a magnetic tape data is stored as binary digits on a ribbon made of a polymer material and coated 
with a magnetic substance 

Data is stored in a CD spirally from the centre of the disk to the circumference, in sectors. However, unlike a hard 
disk sector, the sectors of a CD are of equal length 

A CD-ROM read head is a combination of a laser lens, which focuses a laser beam towards the surface 
of the disc. A sensor determines whether the beam was reflected from the surface of the disk or not 

A DVD or a Digital Versatile Disk (also called a Digital Video Disc) is an optical storage media like a CD, but stores 
much more data. The maximum capacity of a dual layer DVD is about 8.54 GB 

DVDs are available as single layer with 4.7 GB capacity and as dual layer with 8.54 GB capacity 

Blu-ray Disc (or BD) is an optical disc storage medium that can have a capacity of up to 50 GB 

Flash memory is a solid state permanent storage device where data storage is done electronically 

The System Bus serves as the main highway that connects the different parts of a computer 

The internal bus connects the internal components of the CPU i.e. the ALU, the set of registers, cache 
memory 

The external bus connects the CPU with the external memory and the input/output systems 

The Address Bus connects the CPU and RAM and carries the memory addresses 

The Data Bus is the electrical path that connects the CPU, memory and other hardware locations from where data 
needs to be transferred 

Control Bus is used to send control signals to the memory to specify whether the data is to be read 
from or written to the specified address location. It also deals with enabling specific hardware 

Universal Serial Bus (USB) is used to attach low speed input/output devices to a computer 


qi. 


Multiple Choice Questions. Select from any one of the four options. leach 
i) Raw data is processed to get a more meaningful interpretation of the data which is called: 
a. Constant b. Information c. Text d. Variable 
li) The process of converting data to information is called: 
a. Data Hiding b. Data Encapsulation _c. Data Processing d. Data Formatting 
ill) | A computer stores single pleces of information in units called: 
a. Attributes b. Rows c. Tables d. Files 
Iv) Data processing by a computer involves generally three basic steps viz. Input, Process, and: 


a. Output b. Display ¢c. Storage d. None of these 
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y) 


vi) 


vil) 


viii) 


ix) 


x) 


x) 
xii) 
xii) 
xiv) 
xv) 


xvi) 


xvil) 


xviii) 


xix) 


xx) 


xxi) 


wii) 


xxiii) 


xxiv) 


EDPS stands for: 

a. Electrical Data Processing System 
c. Electronic Digital Processing System 
MIS stands for: 

a. Magnetic Information Storage 

c. Management Integration System 
DSS stands for: 

a. Decision Support System 

c. Decision Storage System 

TPS stands for: 

a. Token Processing System 

¢. Transfer Protocol System 


A sequence of instructions that needs to be given to the computer in a language that the computer 


understands is called a: 


a, Software b. Hardware 


In case a part of the software is permanently stored in a computer in a read only type memory, 


then such software is called: 
a. Hardware b. Software 


Ina standard computer keyboard the alphabets are placed in: 


a. QWERTY order —_b. PQRST order 


A mouse is a point and click input device used to point and select an item on a: 


a. CLL b. CUI c. GUI d. None of these 

A is an input device which can be used to input images and documents into the computer: 
a. MICR b. OCR c. Bar Code Reader d. Scanner 

A is an input device used to scan ready product information from product labels: 

a. Scanner b. MICR c. OCR d. Bar Code Reader 

OMR stands for: 


a. Optical Monitoring Reader 

xO ‘Optical Mark Recognition 

OCR stands for: 

a. Optical Code Recognition 

c. Optical Colour Recognition 

MICR stands for: 

a. Magnetic Ink Colour Recognition 

c. Magnetic Ink Character Recognition 
VDU stands for: 

a. visual data unit JXisual display unit 
CRT stands for: 

a. Cathode Ray Tool b. Colour Ray Tube 
LCD stands for: 


a. Light Colour Display b. Liquid Crystal Display c. Light Crystal Display d. Logical Circuit Diagram 
In a high resolution colour monitor how many bits are used per pixel colour? 


a8 
TFT stands for: 


b. 16 


a. Tin Film Transistorb. Total Film Transistor c. Tight Film Transistor d. Thin Film Transistor 
In an impact type printer, the Image is produced on a paper by: 


a. wet liquid ink 
cc, electromechanical impact 


DMP stands for: 


a. Dot Matrix Printer b. Desk Mode Printer 
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b. Electronic Data Processing System 
d. Electronic Data Procuring System 


b. Management Information Storage 
d. Management Information System 


b. Design Support System 
d. Data Support System 


b. Transaction Processing System 
d. Topological Processing System 


c. Firmware d, Livewire 


c. Livewire d. Firmware 


c. ABCDE order d. MNOPQ order 


b. Opto Mechanical Reader 
d. Optical Mark Register 


b¢Optical Character Resolution 
d. Optical Character Recognition 


b. Magnetic Input Character Recognition 
d. Magnetic Ink Code Recognition 

c. virtual data unit d. virtual display unit 
c. Cathode Ray Tube _—d. Cathode Ring Tube 


¢. 32 d. 64 


b. mechanical impact 
d. dry ink powder 


c. Dot Mode Printer d. Desk Matrix Printer 
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xxv) Line Printer is an Impact printer used to print: 
a. acomplete line —b. a complete word c. a complete paragraph d. a complete picture 
xxvi) In which printer type an image is formed on paper without the need for any hammer or ink ribbon 
a, DMP b, Laser c. Daisy Wheel d. Drum Printer 
xxvii) Laser Printer Is what type of a printer? 
a. non-Impact b. impact ¢, line d, character 
Yowill) Two types of primary memory are: 
a, RAM and ROM —b, RAM and Cache c. ROM and Cache d, All of these 
yxtx) Secondary memory is a: 
a. Volatile memory _b. non-volatile memory c. static memory d. dynamic memory 
0%) — PROM stands for: 
a. Programmable Read Only Memory b. Parameterised Read Only Memory 
C, Process Read Only Memory d, Producible Read Only Memory 
yal) EPROM stands for: 
a. Electronically Programmable ROM b. Electro-optically Programmable ROM 
¢. Erasable and Programmable ROM d, Electrically Programmable ROM 
road!) EEPROM stands for: 
a. Electronically Erasable and Programmable ROM 
b. Electrically Erasable and Programmable ROM 
¢. Electro-mechanically Erasable and Programmable ROM 
d, Electro-optically Erasable and Programmable ROM 
yoxiil) DRAM stands for: 
a. Dynamic RAM b. Double RAM c. Dielectric RAM d, Data RAM 
xxiv) The term used to refer to an area of the memory that is used for temporary storage of data: 
a. HDD b, ROM c. buffer memory d. CD 
xxv) — ACC stands for the register: 
a. Accumulator b. Actual register c. Accumulation register d. Alternate register 
yoxvi) The full form of ALU is: 
a. Arithmetic and Logical Unit b. Accumulation and Logic Unit 
c. Arithmetic and Logic Unit d, Arithmetic and Legal Unit 
yoovil) Data is recorded on a hard disk using what physical Property of a material? 
a. Speaker b. Electrical c. Optical d. Magnetic 
owili) — Magnetic hard disks can be used only after they are prepared by a process called: 
a. disk processing __b. disk formatting ¢. disk manufacturing — d. disk editing 
»oxix) — During formatting, a patter is laid out on the disk which divides the surface of the disk into a 
number of invisible concentric logical circles called: 
a. sector b. track c. platter d. surface 
xl) Each track is further subdivided into smaller sections called: 
a. track b. cylinder ¢. surface d. sector 
xli) Time required to position the read/write head from the current track to the desired track is: 
a. Access Time b. Seek Time c. Rotational Time d. Transfer Time 
xlil) Time required to position the desired sector under the read/write head once the track is selected. 
a. Transfer Time b. Seek Time c. Latency d, Access Time 
xlili) To avoid contamination, the hard disk platters are nowadays stored in a sealed airtight box using a 
technology called: 
a. Magnetic Disk technology b, Vacuum Disk Technology 
c. Hard Disk technology d. Winchester technology 
xliv) Unlike magnetic hard disks, a magnetic tape is a: 
a, SASD b. DASD c, RASD d. None of these 
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d. Compact Disk 


d. Blue-ray Data 


d. Control Bus 


Rudiments of Computer Science 
xlv) CD stands for: 
a. Complete Disk b. Compound Disk cc. Colour Disk 
xlvi) DVD stands for: 
a, Dynamic Versatile Disk __b. Digital Versatile Disk _c. Digital Vinyl Disk d. Digital Versatile Data 
xlvii) BD stands for: 
a. Blue-ray Disc b. Blu-ray Disc c. Blue-record Disc 
xlviii) The electrical path that connects the CPU and RAM and carries the memory addresses: 
a. Internal Bus b. Data Bus cc, Address Bus 
xlix) The electrical path that connects the CPU, memory and other hardware locations from where data 
needs to be transferred; 
a. Control Bus b. Address Bus c. Data Bus 
1) USB stands for: 


i) 
ii) 
1D) 


d. Internal Bus 


a. Uniform Serial Bus b. Universal Serial Bus c. Universal Signal Bus Universal Serial Bay 
Q2. Short Answer type questions: 


What do you mean by software? 

What do you mean by firmware? 

What is liveware? 

What do you mean by information? 

State one difference between data and information. 

State the components of a data processing cycle. 

Name any two input devices other than keyboard and mouse. 


Name the two different types of mouse technologies available. 
What is the use of a scanner? 


What is the use of a bar code reader? 

Write the full form of OMR. 

Write the full form of OCR. 

Write the full form of MICR. 

Write the full form of LCD. 

State one advantage of using OCR. 

‘State one use of OMR. 

What is the use of a web cam? 

Name the two technologies available for video display units. 
State one difference between a CRT and an LCD monitor. 
Name any two types of impact printers. 

Name any two types of non-impact printers. 


State one difference between an impact and a non-impact printer. 


State one difference between a printer and a VDU. 
Define primary memory. 

Name the two types of primary memory. 

State one difference between RAM and ROM. 
State the names of any two types of ROMs. 
Write the full form of DRAM. 

Write the full form of SRAM. 

State one difference between DRAM and SRAM. 
Write the full form of EEPROM. 

Name the two components of a CPU. 

Write the full form of ALU. 

State one function of the ALU. 

State one function of the CU. 
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yoxvi) State one function of CPU. 
yowvil) Write the names of any two registers available within the CPU. 
yowill) State one difference between DASD and SASD. 
yoorix) What Is a track with respect to a hard disk? 
xl) What Is a sector with respect to a hard disk? 
xll) What is seek time with respect to a hard disk? 
xiii) What is rotational delay with respect to a hard disk? 
xlili) — Write the full form of DVD. 
xliv) State the different capacities in which a DVD Is available. 
xv) — Write the full form of BD. 
xlvi) State the different capacities in which a Blu-ray Disk is available. 
xlvil) What is Address Bus? 
xlvill) What is Data Bus? 
xlix) State one difference between an address bus and a data bus. 
!) Write the full form of USB. 
Q3. Long Answer type questions: 7 each 
i) Write short notes on any two types of data processing systems. Draw the block diagram Of 
computer system. 24243 
ii) State 3 differences between data and information. Explain the terms International Information ang 
Departmental Information. 3+2+2 
iii) — Write a short note on keyboard as an input device. Describe any two types of scanners.3+2+2 
iv) Write a short note on mouse as an input device. Explain the terms OCR and OMR. 342+2 
Vv) Write a short note on mouse. Write a short note on light pen. State two uses of OCR. 34+2+2 
vi) State any 3 differences between OCR and MICR. State any 4 differences between a VDU and a 
printer. 344 
vii) State any 4 differences between an impact and a non-impact printer. State any 3 differences 
between a printer and a VDU. 443 
viii) Write short notes on the working of Inkjet printer and Laser printer. What type of printer is a 
Plotter? 34341 
ix) | What are character printers? Describe the working of any two types of impact printers. 1+343 
x) _ Explain the principle of operation of a CRT monitor. State 4 differences between a CRT and an L@ 
Monitor. 344 
xi) State the differences between primary and secondary memory. What is cache memory? Name a 
CPU register. 442+1 
xi) State any 4 differences between DRAM and SRAM. Write a short note on ROM. 443 
xiii) State the full names of any 3 different types of ROM available. Briefly explain the terms cache 
Memory and buffer memory. 34242 
xiv) State 3 differences between RAM and ROM. State the full names of any two varieties of ROM. State 
2 differences between SRAM and DRAM. 3+242 
xv) — State any 3 functions of the Control Unit and any 3 functions of the ALU. What is the full form of 
ACC register? 34341 
xvi) _ Write short notes on buffer memory and memory registers. Write the full form of MAR.  3+3+1 
xvii) Write a short note on a magnetic hard disk used as a storage device. What do you mean by Seek 
Time and Rotational Delay? 34242 
xviii) Explain the terms track, cylinder, sector, cluster, seek time, latency, transfer rate. 1x7=7 
xx) Write a short note on the working principle of a CD. How does a DVD differ from a CD? What is a 
Blu-ray Disk? 34+2+2 
xx) What Is system bus? Explain the terms Address Bus, Data Bus, and Control Bus. 14+24+2+2 
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CHAPTER 3 
ta Representation 


atta a Number System 


3-1 

Of Integer Values from one number system to another 3-2 

of Fractional Values from one number system to another 3-10 

tic Operations In various Number Systems 3-16 

tation of Signed Numbers using Complements 3-24 

Binary Coding Schemes 3-32 
Tepresentation of Images 3-34 

Concept of Fixed and Floating Point Numbers 3-35 


3.1 What is a Number System? 


T he basic job of a computer system Is to process data. This data can be in the form of numerical value 
lke whole numbers or fractional numbers, graphical, audio, 


« Non-Positional Number System 


This is the oldest form of number system used. In this system various different symbols are used to 
represent the numbers. Each symbol used in the number has the same value independent of the position of 
the symbol in the number. For example 1=I, 2=II, 3=III etc. Each symbol I in the number represents the 
value 1 irrespective of the position of I in that number. The Roman Number System is an example of this 
type. The various numbers used in this system are: I, II, III, IV, V, VI, ..., IX, X etc. 

‘The major disadvantage with this system Is that arithmetic operations are very difficult to perform. 
‘This gave rise to the development of the positional number systems. 


« Positional Number System 


This type of number system consists of a fixed set of digits or symbols that are used to represent the 
numbers and the position of a digit in the number gives the value of that digit. The value of a digit in such 
a system depends upon the following: 

@. The number system used 

b. The position of the digit in the number 

The value of that digit 


‘The base or radix of a positional number system indicates the number of different digits that are 
present in the number system to represent the numbers. 


Depending upon the base or radix of a number system, the following positional number systems are in 
use. Each has its own set of digits that it uses to express a number in that system. 


No. of Digits 


Base 


Digits used in the Number System 
0,1 


Examples 
10013, 1112 


0, 1, 2, 3, 4, 5, 6, 7 237, 3205s 
24910, 50510 


10 0, 1, 2, 3, 4, 5, 6, 7, 8,9 

16 0, 1, 2, 3, 4,5, 6, 7, 8, 9, A B, GD, E, F AEG, 2516 
Writing the base as a subscript to the number indicates the base of a number system. For example 
a binary number like 1001, which has a base of 2, Is indicated as 1001). 


Let us consider an example to find the Importance of this type of number system over the non-positional one. 
Consider the number 4737 written using the decimal number system as: 


ThecH ei veTwon ol 
4 7 3 7 


Non-Positional 
Number System 


a 


Positional 
Number System 
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The Egyptians used 
8 base 10 number 
‘system, but there 

‘was no symbol for 

zero, They used 


seven separate 
symbols for one unit, 
‘one hundred, one 
thousand and so on, 


The Babylonians | 
used a sophisticated | 
sexagesimal (base | 
60) positional | 
number system, But | 
all the numerals were| 
built with only 2 
symbols — a vertical, | | 
and a comer edge. | | 
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The above representation of the decimal number has 7 under the Unit's 
place, 3 under the Ten’s place, another 7 under the Hundred's place and 4 
under the Thousand's place. It is basically a short hand representation of 


the value: 
4737 = 4x10° + 7x10? + 3x10! + 7x10° 
= 4x1000 + 7x100 + 3x10 + 7x1 
= 4000 + 700 + 30+7 
Therefore each position has basically a value equal to the base of the 
number system raised to the power equal to the position number starting 
from 0, 1, 2, 3 etc. from the right as shown below: 
to?'107 10" 10" 
| 4 7 3 7 
| Using the above representation two numbers can be added very easily 
| as shown below: 
} 10?'"'10? * io" “40° 
4 7 3 7 
+3 2 5 1 


The Indian scholar | | 


F| 
? 
g 
Z 
2 


Conversion 
from Decimal to 
other bases | 


| In carrying out the addition what we have done is basically we have added 


7 9 8 8 


10000 | 20 | 19 
| | 


the digits that are in the same position i.e. digits that have the same 
weight as shown below: Counting in various Number Systems 


4737 + 3251 = (4x10? + 7x10? + 3x10? + 7x10°) + (3x10? + 2x10? + 5x10! + 1x10°) 
= (44+3)x10? + (7+2)x10? + (3+5)x10! + (7+1)x10° 
= 7x1000 + 9x100 + 8x10 + 8x1 
= 7000 + 900 + 80+8 
= 7988 


Such type of additions is not possible in a non-positional’- number system. For example there is no such 
straight forward method of adding III to IX to get XII. 


Note that the two 8's in the above sum have two different meanings. While the first 8 from the left has the 
value equal to 8x10'=80, the value of the second 8 is 8x10°=8. Hence the position of the digit 8 


determines its value. 


er. Values from one:number'systemito anoth 


3.2 Conversion.of Inte: 
Humans are used to dealing with numbers expressed in the decimal number system. However computers deal 
with numbers which they store internally as binary numbers. Hence there should be a mechanism to 
convert numbers from one base to another. Conversion of numbers will be done from decimal to other 
number systems and from other number systems to decimal. Also we will see how to convert numbers from 
one number system to another both of which are not in the decimal number system. 

¢ Decimal to Binary, Octal and Hexadecimal Conversion (base 10 to base 2, 8, 16) 

To convert a decimal number to another base, the following steps are to be carried out: 

Step1: Divide the decimal number by the base of the number to which it is to be converted 

Step2: Write the remainder of the division beside the quotient 

Step3: Repeat the division by dividing the quotient from the previous division by the conversion base 


Step4: Repeat steps 2 and 3, till the quotient of the division is ‘0’ in Step2 
Step5: Finally write the remainders from bottom to top to get the final result of conversion 
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Example-1: Convert (37)19 to (?)2 Example-2: Convert (126)19 to (?)2 
2 (37 2 [126 
2 [18_ tema 2.63 remo 
2 a. rem 0 2[.31  rem1 
2 L4_ rema 2415 rema 
2[2_ remo 21.7 tema 
2L1_ remo 2 3 remi 
0 remi 2L.1 tema 
0 rem 
Answer: (37)s9 = (100101), Answer: (126)19 = (1111110), 


In the first example, we have repeatedly divided the number (37);:0 by 2, till we got the value ‘0’ in the 
quotient. During division the remainders were written side by side to the quotlents. Finally by writing the 
remainders in the order as Indicated by the arrow we get the final result of conversion. 


The following examples show the conversion from decimal to octal. As the base of the octal number system 
is 8, divide the original number or the quotients by 8 to get the result. 
Example-3: Convert (37),9 to (?)3 Example-4; Convert (126)jo to (?)3 


8 [37 8 [126 


84 rems { 8| 15 rem6 
Oo rem4 8{ 1 rem7 
9 emt Dec, Hex. 
Answer: (37)10 = (45)s Answer: (126),9 = (176)s, oi. 9 
2 2 
The following examples show the conversion from decimal to hexadecimal. As the base of | 3 3 
hexadecimal number system Is 16, divide the original number or the quotients by 16 | 4 4 
to get the result. While copying the remainders remember to replace the remainder | 5 5 
values 10, 11, 12, 13, 14, and 15 by the digits A, B, C, D, E, and F respectively of | & 6 
the hexadecimal number system. w i 
Example-5: Convert (37)10 to (?)16 Example-6: Convert (126)1o to (?):6 Heats 
16| 37 16 [126 | 
16|_ 2 yee 16 i ial 
0 rem2 Oo rem7 7 
Answer: (37)10 = (25)s6 Answer: (126)10 = (7E)s6 


Note that the remainder 14 was converted to its hexadecimal equivalent digit i.e. E. 

Now that we know how to convert from Decimal to all the other bases namely Binary, Octal and Hexadecimal, 
Jet us now learn the reverse conversion i.e. from other bases to decimal. 

¢ Binary, Octal, Hexadecimal to Decimal Conversion (base 2, 8, 16 to base 10) 

To convert a number expressed in another base to decimal there are two different methods. 

Method-I 


Step1: Determine the column weight of each digit In the number based on the position of the digit in the 
number and the base of the number system from which to convert (2, 8, or 16) 


‘Step2: Multiply the column weight obtained In step 1 by the digit in that column, to get the column value of 
that particular column 


Step3: Sum the products or column values calculated In step 2 to get the required converted value 


a 


Decimal to Binary 
conversion 


‘The Importance of 
the creation of the 
zero mark ...... Is the 
characteristic of the 
Hindu race from 
where It sprang. No 
single mathematical 
creation has been 
more potent for the 
general on-go of 
intelligence and 
power’. - G. B. 
Halsted. 


a 


Decimal to Octal 
conversion 


a 


Decimal to 
Hexadecimal 
conversion 


a 


Other base to 
base 10 conversion 
Method-1 
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Example-7: Convert (100101), to (?)10 Position of Digit 
25 {24 {23 32) fy] | 2 Base of Number 

4 jo (0) 1) [0 (4 
‘Column Value 


xa 240 2x0 22x 2x0 2% 


Thus converted value = 251 + 2°x0 + 2x0 + 2°x1 + 2'x0 + 2°x1 
= 32x1 + 16x0 + 8x0 + 4x1 + 2x0 + Ixl = 32+0+0+4+0+1=37,, 


The required answer is (100101), = (37)1o 

Example-8: Convert (1111110), to (?)s9 
58 (55! al ies 23) fowl pa 
a) flo fan ft Gy haty [oy 
ya 2x1 24a xa 22xa 2d 2° 


Thus converted value = 251 + 251 + 2*1 + 25x1 + 2x1 + 2'x1+ 2°%0 
= 64x1 + 32x1 + 16x1 + 8x1 + 4x1 + 2x1 + 1x0 


= 644+32+16+84+44+2+0= 1261 
The required answer Is (1111110), = (126)1o 


Method-IT 
The steps for the second method (also called the Double Add Method for binary conversion) are: 


Step1: 
Step2: 
Step3: 
Step4: 


First write down the binary number, spreading out the digits 


Multiply the MSB by 2 
Copy result of multiplication from the previous step and add it to the next binary digit to right 


Multiply the result of step 3 by 2 


; Repeat the steps 3 and 4, till you reach the digit to the left of the LSB 

; Add the product from the previous column to the LSB and stop. The sum so obtained giv, 
the result of conversion 

Remember the first step does not have an addition and the last step does not have a multiplication. 


Example-9: Convert set to i 
1 1 


x : coir i +8 én +36 
No multiplication 
ela s[a~ last step 
18 


The required answer is ans = (37)10 
Example-10: Convert (1111110), to (?)10 


1 1 1 1 1 1 0 
x2 +2 +6 +14 +30 +62 +126 
2 3 7 15 31 63 126 
x2 x2 x2 x2 x2 
6 14 30 62 126 


The required answer Is (1111110), = (126) 10 
The main advantage of this method is, you do not have to calculate large powers like 2°, 2’ etc. 


In case the number is too large and difficult to fit in a single line, then one can also write the number! 
vertically and do the calculation as shown below for the same example. Remember that the first step doss, 


and the Jast step does not have any multiplication by 2. 
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4.9 1x2=2 [No addition in first step] 
4 9 (1+2)x2=3x2=6 
|e 


4 > (1+6)x2= 7x2 = 14 

1 > (1414) x2 = 15x2 = 30 
1 — (1+30)x 2 = 31x2 = 62 
4 > (1462) x 2 = 63x2 = 126 


0 > (0+126) [No multiplication by 2 in last step] 


Example-11: Convert (11001), to (?)10 
1 > 1x2=2 
1 > (4+2)x2=3x2=6 
0 > (O0+6)x2= 6x2 = 12 
0 > (0+12)x2= 12x2 = 24 
1 > (1424) =25 


The required answer is (11001), = (25)10 


To convert a number expressed in octal to decimal there are again two different methods. The first method 
is similar to the one for binary, with the base changed to 8 and so is the second. 


Method-I 
Example-12: Convert (45)g to (?):0 
Position of Digit 

i {an Base of Number 

Fad 15H column Valve 

8x4 8X5 we 
Thus converted value = 8x4 + 8°x5 = 8x4 + 1x5 = 32+5= 3719 
The required answer is (45)g = (37);0 


| 


Example-13: Convert (176) to (?)i0 


8x1 8x7 8°x6 


Thus converted value = 8x1 + 8'x7 + 8°x6 = 64x1 + 8x7 + 1x6 = 64+56+6 = 12610 
The required answer is (176)s = (126);0 


Method-IT 
cacties: Convert — to (?)10 
6 
vs +120 
{r26] + _No multiplication 


in last step 
120- 20 
The required answer is (176), = (126):0 


am 


Octal to Decimal 
Conversion 
Method-! 


a 


Octal to Decimal 
Conversion 
Method-2 
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Example-15: Convert (13254), to (?)10 


1 3 2 5 4 
x8 +8 +88 +720 +5800 
8 ii 90 725 5804 
x8 x8 x8 
88 720 5800 


The required answer is (13254)s = (5804);0 


To convert a number expressed in hexadecimal to decimal there are again two different methods, The fry 
method is similar to that for binary, with the base changed to 16 and so Is the second, 


Method-I 
Example-16: Convert (7E)is to (?)10 
Position of Digit 


16! 16% Base of Number 
7 E 
1647 16°XE 
Thus converted value = 16'x7 + 16°xE = 16x7 + 1x14 = 112 + 14 = 12649 
The required answer is (7E),¢ = (126);0 


I 
7 oo jlumn Value 


Example-17: Convert (9C5A);¢ to (?)10 
16° 167 «416% 160 
9 c 5 A 
ae es 8 
16°x9 167xC 16°x5 16°xA 
Thus converted value = 16°x9 + 16°xC + 16'x5 + 16°xA 
= 4096x9 + 256x12 + 16x5 + 1x10 
36864 + 3072 + 80 + 10 
400269 
The required answer is (9C5A);¢ = (40026);9 


Tap Method 


Hex to Decimai Example-18: Convert vgs to (?)10 


i 


conversion 
Method-II x is ers No multiplication 
=| Era an last step 

j The required answer is (25); = (37)i0 

Example-19: Convert (9C5A);¢ to (?)i0 
9 12 5 10 
x16 +144 +2496 +40016 
144 156 2501 40026 

x16 x16 


2496 40016 
The required answer is (9C5A);¢ = (40026):0 


Note that the digits C and A in the number have been written as 12 and 10 during the conversion to 
decimal, as 12 represents C In decimal and 101 represents A in decimal. 
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« Binary to Octal & Octal to Binary Conversion 


Tt Is much easier to convert between bases which are in powers of 2, i.e. binary (2° 
Octal (2°), and hexadecimal (2*). To convert a value from binary to octal, oak ra 
table to the right. Note that each octal digit (0 to 7) Is represented by 3 binary digits 
(0 > 000, 1 > 001, 2 010, ... 7 111). To convert a binary number to octal: 
Step1: Group the binary digits in groups of three from the right 


Step2: Replace each group by the corresponding octal digit 


Dec. Binary Octal 


Example-20: Convert (10011111), to (?)3 


40.0 toa a 
i aie Gale aad 


The required answer is (10011111), = (237)3 
(Note: An extra ‘0’ is put to the left of the binary number to make a complete group of 3 digits) 


NaUnWNHo 
° 
°o 
Nanawne 


Example-21; Convert (110101), to (7), 


110,13 0 1 
6 5 


The required answer is (110101), = (65), 
Another method is there for the conversion. First convert the binary number to a decimal number and then 
convert the decimal number to octal as shown below for the previous example: 
Example-22: Convert (110101), to (). 
‘Step1: First convert the Binary number to Decimal 
7A eee 
ff) fy fo) pe fo] 


Converted value = 2x1 + 241 + 2x0 + 2x1 + 2'x0+ 2°1 
32x1 + 16x1 + 8x0 + 4x1 + 2x0 + 1x1 = 32+ 16+0+44041=53,) 
‘Step2: Next convert the Decimal number to Octal 

a [53 

B[6 rems { 


0 rem6 


1 


The required answer is (110101), = (65), 


We find that using either of the methods we arrive at the same answer. However to use the first method we 
have to remember the octal digit corresponding to each of the binary combinations. One way to 
remember this is by noting that the value of all these octal digits can be obtained by proper combinations 
of the digits 4, 2, & 1. The presence of a ‘1’ in the binary combination should be replaced by one of the 
digits 4, 2, or 1 depending upon the position of the ‘1’. The first digit to the left corresponds to 4, followed by 
2 and 1 to the right. No value is to be taken for a ‘0’ in the binary combination. The following example will 
make the process clear: 


110 451x4+1x2+0x1=4+2+0=6 
010 + 0x44+1x2+0x1=04+2+0=2 
00 1 + 0x4+0x24+1x1=040+1=1 


Converting an octal number to its binary form is just the reverse process i.e. simply replacing each octal 
digit by its corresponding binary combination as shown in the next page. 


a 


Binary to Octal 
and vise versa 


Three binary 
digits can be 


grouped into a 
single octal digit 
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Example-23: Convert (237), to (?)2 

2 3 7 
OLOGY Yad 

The required answer is (237), = (10011111), 


(Note that we have removed the extra ‘0’ to the left of the binary number to get the final answer) 


Example-24; Convert (603), to (?)2 
6 0 3 


aan OF 
1rT18eo00dg0011 
The required answer is (603), = (110000011). 


(Note that we have put three ‘O's for the binary number that corresponds to the ‘0’ in 
number as each octal digit is represented by three binary digits). Moreover use the same tec! 
discussed above to get the binary combination for a particular octal digit. Thus now represent e 
digit as a combination of 4, 2, and 4 and put ‘1’ for the digits that are present and ‘ 
digits that are absent. For example: 

5=44+0+15101 

72442415111 

1=0+04+1-001 


the g 
hniquey 
Ch qm 
'0' For | 


oe ° Binary to Hex and Hex to Binary Conversion 


Binary to Hex | TO convert a value from binary to hexadecimal, refer to the table to the right. 
Conversion | Each hexadecimal digit (0 to F) can be represented by 4 binary digits 
(0 + 0000, 1 + 0001, 2 + 0010, ... E> 1110, F > 1111), 
Step1: Group the binary digits in groups of four from the right 
Step2: Replace each group by the corresponding hexadecimal digit 


Example-25: Convert (10010101), to (?);¢ 


Tooroton 


9 5 

The required answer is (10010101). = (95)i¢ 
r Example-26: Convert (1010111101), to (?)15 

Four binary digits 


o1 01 
pose ten 0 o101111 
to form a single 2 B D 

imal digit} | The required answer is (1010111101), = (2BD),s 


(Note that we have put two extra '0’s to the left of the binary number to make a group of 4 digits), 


Like the process shown in the previous section for converting binary to octal, this conversion can also be don 
by first converting the binary number to decimal and then converting the decimal number to hexadecimal. 


However to use the first method we have to remember the hexadecimal digit corresponding to each of th, 
binary combinations. The value of all these hexadecimal digits can now be obtained by prope 
combinations of the digits 8, 4, 2, & 1. 


The presence of a‘1' in the binary combination should be replaced by one of the digits 8, 4, 2, or 1 dependin 
upon the position of the ‘1’, The first binary digit on the left corresponds to 8, followed by 4, 2 and 1a: 
we move right. No value is to be taken for a ‘0’ in the binary combination. For example: 
8421 
0 1 1 OD — 0x8 + 1x4 + 1x2 + 0x1 =044+24+0=6 (85 6,0 &S 6 in hexadecimal 
11.0 0 — 1x8 + 1x4 + 0x2 + 0x1 =8+4+040=12=C (a5 120 is C in hexadecimal) 
10 1.1 — 1x8 + 0x44 1x24+1x1=8+04+24+1=11=B (a5 1119/8 in hexadecimal 


MMOO D> parm nis 
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To convert a hexadecimal number to binary, simply apply the reverse process |.e. replace each | 
hexadecimal digit by its corresponding binary combination as shown below: 


Hexadecimal t 
Example-27: Convert (FADE);¢ to (?)2 Binary conversion 
F A D E 
Peeperan Wl peters Tl atoren Tl cate 
1112 1010 ‘1101 ‘4110 | 
‘The required answer Is (FADE). = (1111101011011110), 


Example-28: Convert (9B0);¢ to (?)2 
9 B 0 


“OT 
1001 1011 0000 


The required answer is (9B0),. = (100110110000), | 


(Note that we have put four ‘O's for the binary number that corresponds to the ‘0’ in the hexadecimal 
number as each hexadecimal digit is represented by four binary digits). 


This conversion can also be done by first converting the hexadecimal number to decimal and then the decimal 
number to a binary number. The result would have been the same in either way. | 


Use the same technique as discussed earlier to get the binary combination for a particular hexadecimal 
digit. Now represent each hexadecimal digit as a combination of 8, 4, 2, and 1 and put ‘1’ for the 
digits that are present and ‘0’ for the digits that are absent. For example: | 


5 = 04+44+04+1-50101 | 
B = 11=8+0+2+1-1011 | 
— = 14=84+44+2+051110 | 
| 
« Hexadecimal to Octal & Octal to Hexadecimal Conversion | ay 
To convert from Hexadecimal to Octal and vice versa, first convert the number to binary. Then group the | Hexadecimal to 
binary digits as per requirement to get the digits in the other number system. Octal conversion 
Example-29: Convert (9A8C)is to (?)s Step1: Each Hex digit is converted to its 
9 A 8 c equivalent 4 digit binary value 
Jk oN x x — 
eoyeryeor ty? roo ot 0 0 
1 1 5 2 1 4 Step2: Each group of 3 binary digits is 
‘ converted to its equivalent Octal digit 
The required answer is (9A8C),_ = (115214) 
In the above example, we have first written the binary equivalent of Dec. Binary Hex Oct 
the hexadecimal number by replacing each hexadecimal digit by 0000 a 0 
its 4 bit binary equivalent. Next we have grouped the binary ie 1 
number so formed, in groups of 3 digits from the right. We have | + OOO i 
added two 0's to the left of the binary number to make a group of 3. 2 0010 2 2 
Finally we have replaced each group of 3 binary digits by their 3 0011 3 3 
octal equivalent. 4 0100 4 4 
30: Convert (60D);¢ to (? e ghod 8 : 
Example-30: Conv 16 to (?)g ‘ O10 6 6 
¥ 2 id 7 O11t 7 7 
110000 141401 8 1000 8 10 
pe 4 OO Ay J 9 1001 9 rr 
3 9 Z = to 1010 =O 12 
The required answer is (60D),¢ = (3015)g 11 1011 8 3 
12 1100 c 14 
Next we convert an octal number to its hexadecimal equivalent. The | 13 1101 D 15 
process Is the reverse of the previous process. First write the | 14 1110 E 16 
binary equivalent of the number and then derive the hexadecimal | 15 1411 F 7 
number by grouping four binary digits from the right. [16 10000 10 20 
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: 1: Each Octal digit is converted to its 
| a. a, ey On 7 S roamieaulvaleres sigkbiog vals 


#4 A R 
fe 9.0 9, e od 9 d ii 1) Step2: Each group of 4 binary digits Is 
8 2 F converted to their equivalent 


Hexadecimal digit 
The required answer is (4057)s = (82F)i6. 
Example-32: Convert (615)s to (?)is 
6 1 5 
0001,,1000 
1 8 D 


| ‘The required answer is (615)s = (18D);s 


Note that 3 extra zeroes have been added to the left of the converted binary number (without changing its 
value) to make a group of 4 binary digits possible, for the hexadecimal number. 


The conversion from hexadecimal digit to binary and from binary to octal digit can be done easily if you 
Temember the 8, 4, 2, 1 and 4, 2, 1 rules as discussed earlier. 


3.3 Conversion of Fractional Values from one number system to another 


In this section we will learn how to convert numbers from one base to another, which are fractions. Like the 
Previous section, we will first convert from decimal to other number systems and vice versa. Next we will 
convert numbers in bases other than the decimal number system. 


* Decimal fractions to Binary fractions (base 10 to base 2) 

To'convert a decimal fraction to another base, the following steps are to be carried out: 
Step1: Multiply the decimal number by the base of the number to which it is converted 
Step2: Write the integer part of the result of multiplication beside the product 


Step3: Repeat the multiplication by multiplying the fractional part from the previous multiplication by 
the base of the number to which it is converted 


Step4: Repeat steps 2 and 3, till the fractional part of the product of the multiplication is ‘0’ in Step2 or 
you have got sufficient number of product terms 


Step5: Finally write the integer portions from top to bottom to get the final result 


Example-33: Convert (0.236);5 to QO) Example-34: Convert (0.125), to (?)2 
an 4 
0.236 x 2 = 0.472 o 0.125 x 2 = 0.250 0 
rr 
0.472 x 2 = 0.994 0 0.250 x 2 = 0.500 Qo 
+ 
0.994 x 2 = 1.888 1 0.500 x 2 = 1.000 1 
ar 2 
0.888 x 2 = 1776 1 The required answer is (0.125)1 = (0.001), 


So ae 
0.776x 2 = 1.552 1 


Ce 
0.552 x 2 = 1104 41 
The required answer is (0.236) = (0.001111), 


In the first example, we have repeatedly multiplied the number (0.236),o by 2, till we got sufficient number of 
Product terms (usually 6 product terms). After multiplication the integer part of the results (viz. 0, 0, 1, 1, 1, 
1) was written side by side to the products. The fraction part of a product was taken and multiplied again in 


the next step. Finally by writing the integer parts in order as indicated by the arrow we got the final 
result of conversion. 
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« Decimal fractions to Octal fracti 


is (base 10 to base 8) 


‘The following examples show the conversion from decimal to octal. As the base of the octal number system is 
8, multiply the original number or the fractions by 8 to get the result. 


Example-35: Convert (0.236)10 to (?)g Example-36: Convert (0.613) 10 to (?)s 
om ae 

0.236 x 8 = 9.888 1 0.613 x 8 = 4904 4 

ogsdx 8 = 71047 0.904 x 8 = 7.232 7 
— aa 

0.104 x 8 = 0.832 0 0.232 x 8 = 1.856 1 
0e3stx 8 = 6656 6 

The required answer is (0.236) 19 = (0.1706) The required answer is (0.613);9 = (0.471). 


Decimal fractions to Hexadecimal fractions (base 10 to base 16) 


The following examples show the conversion from decimal to hexadecimal. As the base of hexadecimal 
number system is 16, multiply the original number or the products by 16 to get the result. 


While copying the integer part remember to replace the integer values 10, 11, 12, 13, 14, and 15 by 
the digits A, B, C, D, E, and F respectively of the hexadecimal number system. 


Example-37: Convert (0.236)10 to (?)i6 Example-38: Convert (0.613);0 to (?)16 

oe | 

0.236 x 16 = 3.776 3 0.613 x 16 = 9.808 |9 
« | ara 

0.776 x 16 = 12.416 c 0.808 x 16 = 12.928 c 
« 2 2 aS 

0.416 x 16 = 6,656 6 0.232 x 16 = 14.848 E 

The required answer is (0.236), = (0.3C6)i6 The required answer is (0.613)19 = (0.9CE);s 


Note that the product integer part 12 was converted to its hexadecimal equivalent digit i.e. C and 
the integer part 14 were converted to its hexadecimal equivalent E. 


« Binary fraction to Decimal fraction (base 2 to base 10) 


To convert a fraction expressed in another base to decimal, there are two different methods. 

Method-I 

Step1: Determine the column weight of each digit in the fraction, based on the position of the digit in 
the fraction and the base of the number system from which to convert (2, 8, or 16) 


Step2: Multiply the column weight obtained in step 1 by the digit in that column, to get the column value of 
that particular column 


Step3: Sum the products or column values calculated in step 2 to get the required converted value 


Example-39: Convert (0.100101), to (?)10 Position of Digit 
zt | Be pase of Number 
o. a 0° a 
= — — _~ Column Value 
2x1 2x0 yas MY oP Me 
Thus converted value = 2x1 + 27x0 + 23x0 + 24xl + 25x0 + 2%K1 (Note: 2? = 1/2°] 


= (1/2")xd + (1/22)x0 + (1/23)xO + (1/2")x1 + (1/25)x0 + (1/25)x1 
= (1/2)x1 + (1/4)xO + (1/8)x0 + (1/16)x1 + (1/32)x0 + (1/64)x1 
(32+0+04+4+0+1)/64 

37/64 = (0.578125) 
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Example-40: Convert (0.0111111)2 to (?)10 


GB G 


Po ee sot co os es 
Thus converted value = 2x0 + 221 + 22xt + 241 + 2°x1 + 261 + 27x1 
= (1/2)x0 + (1/4)x1 + (1/8)x1 + (1/16)x1 + (1/32)x1 + (1/64)x1 + (1/128) 
= (0+324+16+84+4+2+ 1)/128 = 63/128 = (0.49218), 
rep | Methodtl 
Half Add | The second method is called the Half Add Method (for binary conversion). The steps are: 


__ method | gtep4: First write down the binary number, spreading out the digits 
(Bin. to Dec.) 


Step2: Multiply the rightmost digit by 1 le. 0.5 


Step3: Copy the result of multiplication from the previous step and add it to the binary digit to the lef, 
Step4: Multiply the result of step 3 by 0.5 


StepS: Repeat the steps 3 and 4, till you reach the digit to the right of the binary point 
Step6: The sum so obtained gives the result of conversion 


Remember that the first step (at the right) does not have any addition. 


Start from herg 
Example-41: Convert (0.100101), to (?)i9 
+1 0 0 1 0 1 
+ .15625 +.3125 + 625 + 5 <¢ x 5 
(hedS625) a .5 
ree x5 
[0:578125) 15625 »3125 »25 
The required answer is (0.100101). = (0.578125); 
Example-42: Convert (0.0111111), to (?)10 
0 1 1 1 1 1 1 
+.984375 +. 96875 +.9375 +. 875 +.5 x. 5 
Weess7s Gses7s) E837 aiiszs) as | os 
x. 5 x5 x.5 x. 5 x. 5 
i + 984375 » 96875 - 9375 -75 


‘The required answer is (0.0111111)2 = (0.4921875)10 
The main advantage of this method is you do not have to calculate large powers like 2%, 2” etc. 


ee * Octal fraction to De se 10 
Octal to Decimal | To convert a fractional number expressed in octal to its decimal equivalent, a method similar to the on 
Faction | for binary, with the base changed to 8 can be used. 


Example-43: Convert (0.346). to (2)s0 


lea) _ Position of Digit 
130) ey i Base of Number 
=a Column Value 
873 8x4 8°x6 <— jolumn 


Thus converted value = 8x3 + 8%x4 + 8°x6 


= (1/8) x3 + (1/64) x 4 + (1/512) x6 


(64x34+8x4+ 1x6) / 512 = (192 + 32 + 6) / 512 = 230/512 = 0.4492 
The required answer Is (0.346)g = (0.4492)19 
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Example-44: Convert (0.7041), to (?):9 


nS Pa) 
7 | 4 1 
s7 8x0 Bx4 ex1 


Thus converted value = 877 + 8°x0 + 82x4 + 84x1 
= (1/8) x7 + (1/64) x0 + (1/512) x 4 + (1/4096) x 1 

(512x7 + 64x0 + 8x4 + 1x1) / 4096 = (3584 + 0 + 32 + 1) / 4096 
= 3617/4096 = 0.8830 

The required answer is (0.7041)s = (0.8830),o 


e Hexadecimal fraction to Decimal fraction (base 16 to base 10) 


To convert a fractional number expressed in hexadecimal to its decimal equivalent, a method similar to 
that for binary, with the base changed to 16 can be used. 


Example-45: Convert (0.A3C)j6 to (?):0 


j a Position of Digit 
©) Base of Number 
I6hA 1653 163,¢ “Column Value 
Thus converted value = 167xA+167x3+163xC 


(1/16) x 10 + (1/256) x 3 + (1/4096) x12 [As Hex. A=10, C=12] 
(256 x 10 + 16 x 3 + 1x 12) / 4096 = (2560 + 48 + 12) / 4096 
2620/4096 = 0.63965 


The required answer is (0.A3C)1s = (0.63965) 19 


e Binary to Octal & Octal to Binary Fraction Conversion 


To convert a value from binary to octal, refer to the table to the right. Note that 
each octal digit (0 to 7) is represented by 3 binary digits (0 > 000, 1 > 001, 
2-010, ... 7 -» 111). To convert a binary fraction to octal: 

Step1: Group the binary digits in groups of three from the left 

Step2: Replace each group by the corresponding octal digit 


Example-46: Convert (0.10011111), to (?)g 
«10.0 1210 


Ce en SN 
4 7 6 


The required answer is (0.10011111), = (0.476) 
(Note: An extra ‘0’ is put to the right of the binary fraction to make a complete group of 3 digits) 


47: 


Convert (0.110101), to (?)g 
_ 


6 5 
The required answer is (0.110101), = (0.65) 
Another method is there for the conversion. First convert the binary fraction to a decimal fraction and then 
convert the decimal fraction to octal. Both methods will give you the same result. 


Converting an octal fraction to Its binary form Is just the reverse process i.e. simply replace each octal 
digit by its corresponding binary combination as shown In the next page. 


a 


Decimal to Octal 
Fraction 


ay 


Binary to Octal 
Fraction 
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Example-48: Convert (0.516). to (?)2 [bes Binary Hc Nena 
a = = 0 0000 o oe, 
101001110 1 0001 1 : 

2 0010 2 
The required answer is (0.516), = (0.101001110), 3 ort § 
3 
« Binary to Hexadecimal and Hexadecimal to Binary : : : me : 4 
Conversion 6 0110 6 s 
To convert a fractional value from binary to hexadecimal, refer to the 7 O111 7 6 
table on the right. 8 1000 8 i 
Step1: Group the binary digits in groups of four from the left 7 on : 4 
Step2: Replace each group by the corresponding hex. digit av 1018 B : 
3 
12 1100 86 
r 

Vu 01), to (?)is 3 1101 »D i 
. oh 00 44461110 ~=#€ 6 
x F 4 wats Fy 
———— Re 


The required answer is (0.1010111101), = (0.AF4);6 


(Note that In this case we have put two extra ‘O's to the right of the binary fractional number to Make 
group of 4 digits). 


To convert a hexadecimal fraction to binary, simply apply the reverse process i.e. replace ey, 
hexadecimal digit by its corresponding binary combination as shown below: 


Example-50: Convert (0.70C);¢ to (?)2 
7 0 
0111 0000 ‘1100 
The required answer is (0.70C);s = (0.011100011), 


Note that we have put four ‘0's for the binary number that corresponds to the ‘0’ in the 
number as each hexadecimal digit is represented by four binary digits. Moreover we have not written thy 
trailing ‘0's at the end. 


To convert from Hexadecimal to Octal and vice versa, first convert the fraction to binary. Then group thy 
binary digits from left as per requirement to get the digits in the other number system. 


Example-51: Convert (0.8B5C)1¢ to (7). (Btep1:| Each hexadecimal digit is converted 
8 B 5 c ~~ to its equivalent 4 digit binary value 
A — A 


Cc a 
1.00.0 2.0.2 2 0.20 8 2 


4 2 6 5 
The required answer is (0.85BC),, = (0.42656), 


In the above example, we have first written the binary equivalent of the hexadecimal fraction by replacing 
each hexadecimal digit by its 4 bit binary equivalent. Next we have grouped the binary number sq 
formed, in groups of 3 digits from the left (since the number is a fraction). We have added two 0's to th 


right of the binary number to make a group of 3. Finally we have replaced each group of 3 binary digits by iq 
octal equivalent digit. 


Next we convert an octal fraction to its hexadecimal equivalent. First write the binary equivalent of the 
number and then derive the hexadecimal number by grouping four binary digits from left. 
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Example-52: Convert (0.2075)s to (?):6 
mY 0 7 5 Step1: Each octal digit is converted toits 
ao oy oo equivalent 3 digit binary value v5 


11rd 


004 
ee m Step2: Each group of 4 binary digits is converted to, 
4 3 D thelr equivalent hexadecimal digit 
‘The required answer is (0.2075)_ = (0.43D), - 


6 


« Converting a number from any base to any other base 


Keeping in mind what you have leamt so far It is very easy to convert from any base to any other base. The 
steps to do the conversion are shown below for converting a number in base 6 to base 9. 


Example-53: Convert (532). to (?)s, 

Step1: First convert the number to decimal by taking the column value of each digit in base 6 
(e | 6% i Base of number system 
\s | 2 FROM which to convert 
Converted value = 6X5+6'x3+6°x2 
36X5+6x3+1x2= 180+ 18 +2 = 2000 
Step2: Next convert the decimal number to base 9 


9 [200 _Base of number system 
9| 22 rem2 ‘TO which to convert © ' 
9| 2 rem4 

0 rem2 


The required answer is (532), = (242), 
Example-54: Find the missing number y in: (255)s + (y)2 = (135)10 + (3D)6 


In the above problem, we have to first convert all the numbers to a common base and then do the 
calculations. Finally the result can be displayed in the required base by suitable conversions. In our example 
let us convert all the numbers to decimal to make the calculations easy. 


(255)s = (?):0 
se evire 
2 5 5 


Thus converted value = 8x2 + 8'x5 + 8°x5 = 64x2 + 8x5 + 1x5 = 128+ 40 +5 = 17310 
(3D)16 = (?)10 
ie"mi6? 
3 D 
Thus converted value = 16'x3 + 16°xD = 16x3 + 1x13 = 48 + 13 = 6110 
Hence we have, (y)2 = (135)s9 + (3D)16 — (255) 
Or (y)2 = (135)s0 + (61)s0 ~ (173)s0 = (23)s0 
(23)10 = (?)2 
2 (23 
2 (14_ rem1 
2L5_ rem1i 
2L2 tema 
2L1_ remo 


0 remi 
Therefore the required value of y In base 2 Is (10111)2 
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3.4 Arithmetic Operations in various Number Systems i 


In this section we will leam how to do various calculations like addition, subtraction, multiplication ang 
division using number systems other than the decimal number system. 


« Binary Addition and Subtraction 


The process of binary addition is the same as 
decimal addition. However binary addition is much digit- 
simpler as we have to deal with only two digits ‘0’ digit-2| + 0 
and ‘1’, If we remember the binary addition table it 
will be very easy to perform the addition: 


ra Example-55: Find (101101), + (110000), 
Binary Addition | 


Binary Addition Table 


0): [Using the above four results to get the total sum] 
The required sum is (1011101), 


Example-56: Find (1101), + (1011),. Let us do this addition step by step, to understand the process, 


f 1 
Carry of 1 is forwarded to next column as 1+1 = 10 


Column sum is (1+1)=10 .. digit 0 is placed under the column 


F BS eae 
Carry of 1 is forwarded to next column as (1+0)+1 = 1+1=10 


Column sum is (1+0+1)=10 ~. digit 0 is placed under the column 


M 1 
Carry of 1 is forwarded to next column as (1+1)+0 = 10+0 = 10 


Column sum is (1+1+0)=10 .. digit 0 is placed under the column 


¥ 1 
Carry of 1 is forwarded to next column as (1+1)+1 = 1041 = 11 


Column sum is (1+1+1)=11 .. digit 1 is placed under the column 


Note that for the addition of the digits in column 4, we have to add three 1's. First we add 14+1=10, as per 
the table shown above. This is the binary equivalent of decimal 2. When we add 1 to this we get 10+1=11. 
This is nothing but the binary equivalent of 2+1=3. Thus 141+1 = 3y9 = 11). As there are no further digits to 
add, this final carry is written as the left most bit of the sum. 


Therefore the required sum is (11000), 


Example-57: Find (10101), + (11101), Example-58: Find (11011), + (10011), 
11 1 +— Cry 1 14 1 + Cany forward 1 
10101 ‘\ 11 0 | 1 ‘\a 
+11101 + 1 0 of1 \1 
110010 2°91 42 3 2 +—Decimat sum 
=2 =2_=2 +—2 subtracted 
10 2 2 «1 «0 +-Snaysum 
The required sum Is (110010), The required sum is (101110), 
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There is an alternative method to find the sum. When adding the digits along with the carry: 
e If the decimal sum of the digits in a column is less than 2, then write that as the column sum. 


«If the decimal sum of the digits is more than or equal to 2, then subtract 2 from that sum and 
write the result as the binary column sum. Next carry forward 1 to the next column. 


Example-58 is done using the second method. 


Binary Subtraction is similar to normal subtraction. digit-1 
The table given on the right gives a summary of the 
four different cases that can occur when 
subtracting two binary digits. 


Other than the second combination, all the other three combinations are similar to normal subtraction. In the 
second combination, we are trying to subtract 1 from 0 i.e. a larger number from a smaller number. To do 
this, as in case of normal decimal subtraction we have to borrow ‘1’ from the next column. After the borrow 
operation, we have to subtract 1 from 102. Note that, as previously discussed, 10, is same as 2,9. Thus 
when we subtract 1 from 2, we are left with (2-1)=1, and hence the result. 


Example-59: Find (1101). — (11). Let us do this subtraction step by step, to understand the process. 
Column-1 1 1 0 ff 

- 0 o 1 1 
C) The column difference is (1-1) = 0 
1 
1 


Le 2 
Column-2 ne Borrow of 1 is taken from the next column 
The column difference is (102-12) = 1, 
hosel ee el 
Column-3 1 x t) 1 Due to the borrow taken, this position has a 0 now. 
o ) 1 1 
) 1 0 The column difference is (0-0) = 0 
Column-4 a 61 0 1 
-/0 ') 1 1 
a C) 1 0 The column difference is (1-0) = 1 
The required difference is (1010), 


Example-60: Find (1001) — (111)2. Let us do this subtraction step by step to understand the operation. 
Column-1 1 0 0 
- 0 1 z iy 
io The column difference is (1-1) = 0 


4 
Column-2a or 10 1 Borrow of 1 taken from column4 from the value 1 
- 0 1 1 
[') 
Column-2b Ox 140 1 Borrow of 1 taken from column3 from the value 10 
- 0 1 1 [Remember 10,-1,=12, hence 1 remains in column-3] 
Qo The final column difference is (10-1) = 1 
Column-3 ox ito 10 1 
- 0" 1 1 
‘o 1 C) The column difference is (1-1) = 0 
Column-4 (04 1+0 10 1 
- 0 1 1 1 
0 0 1 i) The column difference is (0-0) = 0 


The required difference is (10). 


a 


Binary 
subtraction 
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| Example-61: Find (10001), — (1011), 
— Borrow 
| Of 146 146 10 1 
- {© 3 4 
o o 12 121 +~©0 


| The required difference is (110), 


| Example-62: Find (10010), — (1101), 
| o 2+0=2 


| GQ) 1 0 0 + to The result is obtained as 2-1 = 4 
= 1 1 0 1 f 
1 


The result is obtained as 0-0 =0 


v 
The result is obtained as2-1=1 


The result is obtained as 1-1=0 


Example-62 is done using a different method. In this method: 


* Whenever a borrow is made from the next column, reduce 1 from that column and write the 
borrowed value as 2 (base value of binary) over the current column 


¢ Add this 2 with the digit at the top of the current column 
« Next perform subtraction similar to decimal subtraction in the current column 
Columnz1 in the said example shows this situation (first 2+0=2, next the column difference 2-1=1). 
| However, in case the adjacent column also has a ‘0’, then: 
« Borrow from the next available column and reduce 1 there 
« Move the borrowed value towards the right up to the current column 
« Over every column in between: 
o First write the borrowed value as 2 and add it to the digit at the column top 
o Reduce the new digit by 1 and move the 2 to the next column till you reach the current column 
¢ Finally add the 2 to the digit at the top of the current column and subtract 
Column3 in the above example shows this situation where the final subtraction gives 2-1=1 


ad * Octal Addition and Subtraction 
} Octal Addition | “hile doing addition and subtraction using octal numbers, just remember that in octal number system there 
and Subtraction | 2! only eight digits from 0 to 7. Thus after 7 we do not have 8 or 9 but 10, 11, 12 ..., up to 17. After 17 
since we do not have 18, we will have 20. The table below gives a relationship between the first 16 decimal 
numbers and their octal equivalents. 
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Ex63 Find (453)e + (312)g | Ex64 Find (5567). + (4025)s Ex65 Find (14735), + (36127)5 
1 1+ Gry! 14, le 14, +Qny! 
453 5567 1 \4 \7 3 \5 
+312 _ +4025 +3 1.2 =*\7 
765 11614 511 8 6 12 <—Decimalsum 
-8 -8 -8) +—8 subtracted 
5 3 0 6 4 + Ocalsum 


The sum is (765)5 The sum is (11614), The sum is (53064) 

In Example-64 the first column on the right (7+5) gives 14 in base 8. This is obtained by 
counting 5 digits from 7. In octal after 7 we have 10, thus 7+5 gives 7+1=10, 10+1=11, 
11+1=12, 124+1=13, 13+1=14, In the unit’s place 4 is written and 1 is carried forward to the 
next column. In the next column, the digits are added as 6+1+2=7+2=11 in octal. In this 
way the other columns are added. 


There is an alternative method to find the sum similar to the alternative method for binary 
addition, When adding octal digits in a column along with a carry (if any): 


« If the decimal sum of the digits in a column is less than 8 (base of octal), then write 
that as the octal column sum. No carry forward is generated. 


» If the decimal sum of the digits is greater than or equal to 8, then subtract 8 from 
that sum and write the result as the octal column sum. Next carry forward 1 to the 
next column. 


Example-65 is done using the alternative method. The first column will give (5+7)=12,0. 
‘As 12 is greater than 8, we do the subtraction (12-8)=4 and write it below that column, and 
carry forward 1 to the next column. In column2 we have (1+3+2)=619. No change is done as it is less than 8, 
and hence written as it is. In column3 we have (7+1)=8,o. As it is equal to 8, we subtract 8 to get (8-8)=0, 
and carry forward 1 to the next column. In column4 we have (1+6+4)=11,9. As it is greater than 8, we 
subtract 8 to get (11-8)=3, and carry forward 1 to the next column. In column5 we have (1+143)=5io. No 
change is done as it is less than 8. The final result is thus (53064),. 


Octal subtraction is similar to decimal subtraction. However we have to remember that while doing the 
subtraction one has to count the difference in octal form. For example if one has to find the difference 
between 13, and 6,, then count from (6+1)=7, up to 13, in octal. From the previous page chart we find that 
the numbers occurring from 7 to 13 are 7, 10, 11, 12, 13. Hence the total difference in count is 5. Remember 
that 10 comes after 7 in octal number system, therefore do not count as 7, 8, 9, 10, 11, 12, 13 as in the 
decimal number system. This would have produced the wrong result 7 (since 13 - 6 = 7 in the decimal 
number system). 


Ex-66 Find (7236), — (3154), 


Ex-67 Find (5405)s - (77)s 
Borrow 


ra oe 
712713 6 5S 3H 740 15 
= 31 54 -0 oO 77 
4 06 2 5 3 o 6 


The difference is (4062), The difference is (5306), 


In Example-67, in the first column on the right we have to subtract 7, from 5g. Hence we have to borrow 1 
from the next column, which contains 0. So we borrow 1 from the column next to it which contains 4, After 
borrowing 1 from that column we have 3 left there. Column2 then becomes 10,. We next borrow 1 from the 
second column. Subtracting 1 from 10 leaves behind 7. Remember in octal, after 7 we have 10 and not 8. 
Thus when we subtract 1 from 10, we have 7 left. After the final borrow, in column1 we have 15-7. To get 
the difference, count 15 from 10 keeping in mind after 7 we have 10. From 10 to 15 the count will be 10, 
11, 12, 13, 14, 15 i.e. a total of 6. 


The next example i.e. example-68 is done using a different method. In this method: 


¢ Whenever a borrow is made from the next column, reduce 1 from that column and write the 
borrowed value as 8 (base value of octal) over the current column 
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¢ Add this 8 with the digit at the top of the current column 
« Next perform subtraction similar to decimal subtraction in the current column 
Column1 in the sald example shows this situation (first 8+5=13, next the column difference 13-6=7), 
However, in case the adjacent column also has a ‘0’, then: 
¢ Borrow from the next available column and reduce 1 there 
« Move the borrowed value towards the right up to the current column 
e Over every column in between: 
o First write the borrowed value as 8 and add it to the digit at the column top 
o Reduce the new digit by 1 and move the 8 to the next column till you reach the current column 
«Finally add the 8 to the digit at the top of the current column and do the subtraction 
Column in the above example shows this situation where the final subtraction gives 11-4=7. 


Example-68 Find (50345), — (21426), 
3 8+5=13 


G) 5 o 3 atts The result is obtained as 13 - 6 = 7 
-2 1 4 2 6 ! 
‘ ae 7 


The result is obtained as 3-2 =1 


The result Is obtained as 
And 


The difference is (26717), 


¢ Hexadecimal Addition and Subtraction 


While doing addition and subtraction using hexadecimal numbers, just remember that in hexadecimal there 
are sixteen digits from 0 to F. Thus after 9 we do not have 10 but A, B, ..., up to F. After F since we do not 
have any extra digit, we will have 10, 11, 12,..., 1E, 1F and so on. Then after 1F we will have 20 in hex. The 
table in the next page shows the first 32 decimal numbers and their hexadecimal equivalents. 


Example-69: (69)16+(34)1¢ | Example-70: (572B),¢+(4968)15 | Example-71: Find (9A5),¢ + (94C)s6 


Hexadecimal 1 1 +—CGary 1 1. + Carty forward 
Addition 69 572.8. ‘ 9 a\s 
434 +4968 +9 c 
9D A093 18 15 17 < Decimalsum 
(by writing D, the hex ~16 -16 < 16 subtracted 
equivalent of 13) 1 2 Fo 1+ Hexadecimal sum 
The sum is (9D) 15 The sum is (A093)16 The sum is (12F1):¢ 
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In Example-70, note that in the first column on the right (B+8) gives 13 in base 16. The value 


Dec. Hox 
13 Is obtained by counting 8 digits from B. Since in hex after B we have C, thus B+8 gives | 9 0 
B+1=C, C+1=D, D+1=E, E+1=F, F+1=10, 10+1=11, 11+1=12, and finally 12+1=13. a 4 
; : 2 2 
In the unit’s place 3 is written and the 1 is carried forward. In the next column, the digits are | 3 3 
added as 1+2+6=3+6=9. In column3 we have 7+9=16 in decimal, which is equal to 10 inhex | 4 4 
(refer to the table in the last page). The ‘0’ is written down and the ‘1’ is carried forward. In | § 5 
column4, the digits 1+5+4 are added to get the digit A in hexadecimal as 6 6 
14+5+4=6+4=10)9=Aje. i if 
In the alternative method to find the hexadecimal sum along with the carry (if any): 4 y 
If decimal sum of the digits in a column is less than 16, then write that as the [11 8 
hexadecimal column sum. No carry forward is generated. Remember if the column sumis |12 © 
from 1049 to 1549 then write A to F in hexadecimal. Hh) 2 
« Ifthe decimal sum of the digits is greater than or equal to 16, then subtract 16 from |15 F 
that sum and write the result as the hex column sum. Next carry forward 1 to the next ya 
column. ie 4 
The Example-71 is done using the alternative method. When getting the decimal sum of a i 
5+C we have (5+Ci¢)=(5+1219)=17;0. As it is more than 16, we subtract 16 from the result and |54 45 
1 is carried forward to the next column. In the next column we have |a2 46 
(1+Aye+4)=(1410)0+4)=1510. As it is less than 16, hence the column sum is directly written as |23 17 
the hexadecimal sum. However, as 15, = F in hexadecimal, we write F as the column sum. Next |24 18 
we have (9+9)=1819. Being more than 16, we subtract 16 and write 2 as the column sum and |25 19 
carry forward 1 to the next place to get the final sum as (12F1),6. A Be 
28 1c 
The following examples show how to do hexadecimal subtraction using different methods. |29 1D 
Remember that with 16 digits in hex number system, we have Aye after 91¢, and 10;. after Fig. 2 ae 
Example-72 Find (9C8D),.-(25AB)16 Example-73: Find (CAQ7)15(2289)16 
Borrow Borrow 
9 Be 18 D C Of FLO 17 
-2 5 A_B -2 2 8 9 
7 6 E 2 A 7 7 E 
The difference is (76E2);, The difference is (A77E)16 


In Example-73 in the first column to the right we have to subtract 9, from 7;¢. To do. this we have to 
borrow 1 from the next column which has 0. We therefore borrow from the next column which contains A. 
After borrowing 1 from that column we have 9 left in that column (remember that the digit that comes after 9 
is A in hex). Column2 then becomes 10. We next borrow 1 from the second column. Subtracting 1 from 10 
leaves behind F (as the digit before 10 is F in hexadecimal). After the final borrow, in column1 we have 17-9. 
To get the difference, count 17 after 9 keeping in mind that 10 comes after F. Thus from 9 to 17 the count 
will be A, B, C, D, E, F, 10, 11, 12, 13, 14, 15, 16, 17 i.e. a total of 14 counts, which in hexadecimal is E. In 
column2 we have to subtract 8 from F. Counting up to F after 8 gives 9, A, B, C, D, E, F, i.e. a total of 7 
counts. Similarly in column4 we have to subtract 2 from C. To get the result, count up to C after 2 i.e. 3, 4, 5, 
_ 6,7,8,9, A, B, C. This gives a total count of 10, which in hexadecimal is A. 


The next example i.e. example-74 is done using the alternative method. In this method: 


e Whenever a borrow is made from the next column, reduce 1 from that column and write the | 


borrowed value as 16 (base value of hexadecimal) over the current column 
¢ Add this 16 with the digit at the top of the current column 
¢ Next perform subtraction similar to decimal subtraction in the current column 


Columnz in the said example shows this situation (first 16+8=24, next the column difference 24 - D = B). 
However, in case the adjacent column also has a ‘0’, then: 
* Borrow from the next available column and reduce 1 there 


67 P1-3-24 


a 


Hexadecimal 
subtraction 


i ae Part 4: Chapter 3 


* Move the borrowed value towards the right up to the current column 
© Over every column in between: 


o First write the borrowed value as 16 and add it to the digit at the column top 

o Reduce the new digit by 1 and move the 16 to the next column till you reach the current colump, 
Finally add the 16 to the digit at the top of the current column and do the subtraction 
Column3 in the above example shows this situation where the final subtraction gives 18 — 8 = A. 


Example-74: Find (E02A8),¢(A287D) 16 


9 wee tst~*: 


G) E 0 2 at tg. The result is obtained as 24-D = 24-13 = 1o=a, 
= 2 8 7 D 
B 
9 
@) E 0 2 a The result Is obtained as 9-7 = 2 
— A - 
wae 15 16+2=18 ; 
@) et oem io The result is obtained as 18 — 8 = 10,0 = Aw 


-A 2 8 


e result is obtained as 15-2 = 131 =D x, 
He D-A=13-10=3 


The difference is (3DA2B),, 


As a third alternative Method for doing addition and subtraction in any base in general, first convert the 
numbers to decimal and then do the calculation, After the calculation is done and the result is obtained 
in decimal, convert the result back to the original base. 


Binary Multiplication and Division 
Binary multiplication is much simpler and the following examples will make the process clear, 


Example-75: Find (10010111), x (1001), Example-76: Find (11111000), x (10.11), 

Binary 10010111 liiiriooo 

Multiplication x1001 x 10.11 
a a 10 1 ny 

> 11 L1000 

to 1ii 000 x 

10000 00x x 

1 \ piriid 10 x xx 

TO0OL010011D1D1 101010 1000 

Answer: The product is (10101001111), Answer: The product Is (1010101010.00)2 


The first example is very simple. For the highlighted column we have to add 
1+0+0+1 = 1+0+1 = 1+1 = 10), The ‘0’ is written under that column and the ‘1’ is carried forward to the 
next column, where the numbers are added along with the carry as 14(0+0+0+41) = 1+1 = 10). 
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jo 
@ 
2 
3 


For the second multiplication, if you can remember the first few binary numbers then it will 
be easy to calculate the sum. The table on the right gives a list of binary numbers from 0 to 
decimal 7. While doing the column sum always remember that you get the next binary 


10 
number after adding ‘1’ to the present binary number. 


si 
100 
404 
410 
114 


Consider the highlighted column of the second multiplication. The digits that get added are 
1+1+0+0=10. The 0 is written under the column and the 1 is passed to the next column as 
carry (the carry digits are shown in colour). 


Hea we RS 


In the next column along with the carry of 1 we add 1+(1+1+0+0) = 1+(10+0+0) = 1+10 = 11. The unit’s 
place 1 is written under the column and the other 1 is carried forward to the next column. The column sum In 
the next column along with the carry will be 1+(14+1+0+1) = 1+(10+0+1) = 1+(10+1) = 1411 = 100. TheO 
in the unit’s place is written down and the 10 passed to the next column. In the next column the column sum 
along with the carry will be10+(1+1+0+1)=10+(10+0+1)=10+(10+1)=10+11=101. The 1 in the unit’s place 
is written down and 10 passed to the next column as carry. 


Similar additions take place in the next columns. The final result is given after adjusting the binary point. 
The following examples show how to perform binary division. The process is explained later. 


Example-77: Find (10011), + (110), Example-78: Find (11011101), = (11), 
110]10014) 011 11[11011101]1001001 
-110} 11444] || 
itt 00011) || 
=i10 rll \ 
1 00101 
Answer: Quotient = 112, Rem. = 1; 11 
10 


Answer: Quotient = 10010012, Rem. = 10, 


For binary division, follow the same method as in decimal number division. However remember that the 
subtraction involved is binary subtraction and do it the way shown in page P1-3-17. 


In doing the first division, we first checked if 110 go into the first three digits of the dividend i.e. into 100. As 
it does not, we put a 0 for the quotient part. Next we checked if 110 go into 1001. It does go into 1001 once. 
Hence we put 1 for the quotient. We then bring down the next 1 from the dividend and check if 110 goes into 
111, As it goes into 111 only once, we put a 1 for the quotient. The final remainder is 1 and the quotient is 
011 i.e. simply 11). 


In binary, during division while checking if the divisor goes into a part of the dividend, remember that either 
it will not go (put a ‘0’ for the quotient part in that case), or it will go into that part of the dividend 
only once (in that case put a ‘1’ for the quotient part). You will never have a case where the divisor goes 
into a part of the dividend more than once. 


The next two examples show division including a fractional part. Put a binary point after the integer 
portion of the quotient when all the digits from the original number are already taken. 


Example-79: Find (11010), + (100), Example-80: Find (110110), + (111), 
1001411010] 110.1 111]110110])111101 
-1004 -111 
101 1101 
-100 r1ll 
100 1100 
7-100 =111 
000 1010 
=11) 
Answer: Quotient = 110.1) 1100 
till 
101 


Answer: Quotient = 111.101, (up to 3 places) 


wm 


Binary Division 


lin binary division 
the divisor will 
either go into the 

| partial dividend 

| once or will not 

| be divisible at all. 


a 


Binary Division 
with fractions 
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| An alternative method for Binary Multiplication using the concep of partial sume Is shown bey, 

| Example-B1: Pind (1011), * (111), The example on the left Is done by adding the Dartig 
od products at each step of the multiplication process, 

1 


After the first two steps of the multiplication pricsys 


a] the 1" and the 2" partial products are adden 11 Guq 


H é 1 1) M partial product the firet partial sum 100001 (shaded region). eg 
41 0 1 1 Kk SP partial product — the third partial product is calculated and added 10 thy 
1 previous partial sum to get the final product 
WOO OO 1 partial am 
4 


7" partial product '# final product is thus (1001101), 
1001 1 0 1 fnaleum 


The method eliminates the need to do long additions, 


tp g Complements 


Signed | When we write a decimal number, we usually write the Magnitude of the number preceded ty , 
numbers | + oF ~ sign, which indicates the sign of the numbers, In a similar manner we put @ + Or ~ sign belore, 
binary number to Indicate its sign. For example +1001, Indicates +9,,, and ~ 1110, Indicates ~14,, ete, 


* Signed number representations in Binary 


When we store such a signed binary number in the computer, the computer uses special schemes to store the 
magnitude and the sign of that number. There are three basic methods of storing signed binary numbers 
These are the sign magnitude representation, the 1’s complement representation and the 2, 
complement representation. Each has its own merits and demerits. We now discuss below each of thes 
Methods of signed number representation, 


Tha Sign Magnitude Representation: 


Sign Magnitude | In this method, the sign of @ positive number Is taken as ‘0’ and the sign of a negative number is 


taken as ‘1’, The MSB will be used for storing the sign of the number, while the remaining bits are used fe. 
| Storing the magnitude of the number. 


Thus for an 8 bit representation of a binary number, the first bit from the left (i.e. the Most Significant Bit a 
MSB) will store the sign and the remaining 7 bits will store the magnitude. While for a 16 bit representation, 
‘ the MSB will store the sign and the remaining 15 bits will store the magnitude. 


Example-82: Express +23 as an 8 bit sign magnitude number. 
Step1: First convert the number to binary as shown below: 


Therefore 2345 = (10111), 


Step2: Next write the magnitude of the number as a 7 bit number by putting as many 0’s to the left of 
(eosims nes B# required to make 27 bit number. Therefore the number now becomes 0010111 with tw: 
zeroes. 


Step3: Finally write the number along with the sign bit as an 8 bit number. Since the above number 6 
Positive, therefore the sign bit will be 0. The final number represented in 8 bit sign magnitude form is: 


o 4 | Peay 8 bit Sign Magnitude 
LZ ——y———Y representation of +23 
Sign Magnitude 


Example-83: Express -34 as a 16 bit sign magnitude number. 
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134 

17. remo 

L8& remi 
4 remo 
2. remo 
1 remo 
OQ remi 


Therefore 3419 = (100010), 


Since the number is negative, the sign of the number will be ‘1’. The number written as a 16 bit number Sie 
with the sign bit is shown below: 


[Joo lofololofofofo]+]o]ojols jo] NS 16 bit Sign Magnitude 
YW = \- S 


representation of -34 


Sign Magnitude 

The 1's Complement Representation: 

In this method, for both positive and negative numbers, the number is first expressed as a positive sign 
magnitude number with the MSB representing the sign as ‘0’. If the original number is positive, then this 
positive sign magnitude number is the required answer. 

However, if the original number is negative, then after finding the positive sign magnitude value, the 1's 
complement of that number gives the required representation. To form the 1's complement, convert each 
1 to 0 and each 0 to 1 in the positive sign magnitude number. The following example illustrates the process. 
Example-84: Express -35 as a 16 bit 1's complement number. 


First convert the number to binary. 


rem 1 
rem 1 
rem 0 
rem 0 
rem 0 
rem 1 


Therefore 3519 = (100011), 
The number is then written as a 16 bit positive sign magnitude number along with the sign bit as: 


jo}ofofofofo]sfo]ofo] 
yt ‘. 


Sign Magnitude 


2 
2 
2, 
2 
2 
2 


“FEEEEP 


ie 16 bit Sign Magnitude 
representation of +35 


Finally the number is converted to 1’s complement form by replacing each 0 by 1 and each 1 by 0. 


ca 16 bit 1’s Complement 
representation of -35 


Sign Magnitude 


Thus (1111111111011100), is the required 16 bit 1's complement representation of -35,9. 


Note that for a negative number the sign bit of the final 1’s complement will always be 1. It is a 

common mistake to initially put 1 for the sign bit, when considering the sign magnitude representation of 

the number in the first step before converting it to 1's complement form. For example in the above example it 
the number with 1 in the sign bit in the first step as: 


= 
Magnitude 
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The 2's Complement Representation: 

In this method, for both positive and negative numbers, the number is first expressed as a Positive 4, 
magnitude number with the MSB representing the sign as ‘0’. If the original number is positive, then 
positive sign magnitude number is also the required representation for the 2’s complement. 


However, if the original number is negative, then after finding the positive sign magnitude value, the , 
complement of that number Is found out. Then 1 is added to the 1’s complement to get the x 
complement representation. The following example illustrates the process. ‘ 


Example-85: Express —36 as a 16 bit 2's complement number. 
First convert the number to binary. 


remO 
rem 0 
rem 1 
remO 
rem 0 
rem 1 


NNNNNN 
[= 
O]H Inv Le fro fon | 


and the smallest 


Therefore 3619 = (100100), 
The number is then written as a 16 bit positive sign magnitude number along with the sign bit as: 


[efololololololololels|ofols]oTo} Petia 16 bit Sign Magnitude 


representation of +36 


Y 
Sign Magnitude 
Next the number is converted to 1's complement form by replacing each 0 by 1 and each 1 by 0. 
EEE EEE EEE FPR T 1] seve: compiemen 
represen jon of - 
Re 
Y ~ J 
Sign Magnitude 
Finally the number is converted to 2's complement form by adding 1 to the above number. 
1 1+ Carry 


11111111110110141 
+1 


1111111111011100 


16 bit 2’s Complement 
representation of -36 


—- 
Sign Magnitude 
Thus (1111111111011100), is the required 16 bit 2’s complement representation of -3610 


Note that for a negative number, the sign bit of the 2's complement number is 1. 


Example-86: Express -10011000 as a 16 bit 2's complement number. 


As the number is already in binary, there is no need to convert it to binary. We first directly write the number 
as a 16 bit positive sign magnitude number as: 


[oJofoJofolofolo[4[olo]4]1 [ooo bie 16 bit Sign Magnitude 


we) representation of +10011000 
Sign Magnitude 


The 1's complement of the above number gives: 


~ 16 bit 1’s Complement 
representation of -10011000 


Ne-s 
Sign Magnitude 
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When 1 Is added to the above number, we finally get the 2's complement of the number as shown. 


111+ Cay 
PiLLALirtiziazatzrtoaortrzrtaoaqagaiigz 
+1 
t~i1iaiirtirtizrizriiaoirtirtoirooono 


ToT Tops opo To] $12 ot2 compienen 
YW 


representation of -10011000 


Sign Magnitude 
Thus (1111111101101000), is the required 16 bit 2’s complement representation of -10011000. 
« Importance of 2’s complement representation 


Of all the three signed number representations, the 2's complement form is the one that is used to represent 
negative binary numbers in the computer. To understand why, let us find the representations of ‘0’ in various 
formats for a 4 bit binary number, with 3 bits for the magnitude and 1 bit for the sign. 


In sign magnitude form, we have: [O[O[o[o]=+0  [1][0]0]0]=-0 
7 —— YY 


Sign Magnitude Sign Magnitude 


We find that there are two different representations for 0, i.e. +0 and -0. However in reality we do not 
have a negative 0. Another disadvantage is that, out of a total of 24=16 possible combinations with 4 bits, 2 
combinations are used to represent the same value i.e. 0. 


1 
In 1’s complement form, we have: LofeTo to wey LScomploment,. [a [t]1]1] =-0 


Sign Magnitude Sign Mexnitide 

‘Again we find that there are two different representations for 0. If we convert all the 0's to 1’s we get 
1111, which represents the 1's complement form for -0. Therefore again we have 2 combinations used to 
represent the same value i.e, 0. 


1's 
In 2's complement form, we have: [0 [0 [0 [0 ]=+0°"? Dayana] —+[0]0 [0 [0 ]=0 
————— Laden meee odbar re are 
Sign Magnitude Sign Magnitude Sign Magnitude 


To find the 2's complement representation of zero, we first found the 1’s complement of 0000 to be 1111 and 
then added 1 to it to get the required representation as shown below: 


11 1+ Cary 
1111 


+1 


one 


The 5 digit (the final carry out) is ignored as the original number is 4 bits long 


After adding 1 to the 1's complement form we get 10000. We ignore the leftmost bit (the 5" bit) which is 
equal to 1, as the original number had only 4 bits. This gives the final representation of -0 as also 0000, 
which is the same as +0. Therefore in 2’s complement form there is a single representation for 0. There 
are no two different combinations that represent +0 and -0. Therefore 2's complement representation is 
a better representation method for signed numbers than the sign magnitude method or the 1's 
complement method. 


(3 


Yayo 4t2°-1) 


(0-3) 


-1)wv+[2 1] 


(mt) 


to+[2 1] 
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* 1’s and 2's Complement Subtraction 


Unlike humans, it is more complex to do subtraction using a computer. Hence instead of using the mi 
that humans use to do subtraction, the computer uses an additive method to do subtraction using the 
complement of the number to be subtracted as shown in this section. . 


(Gp | 1'scomplement subtraction 
14°s complement | To do subtraction of binary numbers using 1’s complement method, follow the steps shown below: 
subtraction | step; Express both numbers as positive sign magnitude numbers with the same number of total bits 
Step2: Put a sign bit as the leftmost bit of each number (MSB) 
j ‘Step3: Find the 1’s complement of the number which is to be subtracted (i.e. the subtrahend) 
Step4: Add the complement obtained in step1 to the number from which it is to be subtracted (i.e. 
the minuend) 


Step5: In case there is an overflow carry generated at the end of the addition then add the overflow 
carry with the result obtained after the addition to obtain the final difference 


‘Step6: In case the overflow carry is not present, then find the complement of the result obtained jp 
step 2 and put a negative sign before it to get the final result (to indicate a negative result) 


Example-87: Find 110011, - 10111, using 1's complement method. Also carry out the decimal subtraction 
| to check for the correctness of the result. 


First express both the numbers as positive sign magnitude numbers with the same number of bits 
| and the MSB representing the sign bit. As the minuend is 6 bits and the subtrahend is 5 bits, both are 


as 7 bit numbers with the first bit representing the sign and the remaining 6 bits representing 
the magnitude. Therefore the above calculation is equal to: 


110011 - 10111 = 0110011 - 0010111 
0110011 + 1's complement of (0010111) 


0110011 + 1101000 
1 


" 


0110011 5lio 

Overfow bit + 110 10 0 0 = 2310 
@oo1ris011 2810 
——————>_+ 1 


O01: 2x1 + Bet + xd = 16 +8 +4 = 2819 


In the above case, after the addition as there was an overflow of 1, it was added to the result of the 
addition to get the final result of the 1’s complement subtraction. 


The required difference is = (11100), 


Example-88: Find 111011, - 101100, using 1’s complement method. Also carry out the decimal subtraction 
to check for the correctness of the result. 


111011 — 101100 0111011 - 0101100 
= 0111011 + 1's complement of (0101100) 
= 0111011 + 1010011 


1. a 
O1112011 591 
1010011, ~My 


1510 


Overflow bit - 
@ o1 


= OBxi + 2d + 2d + 2x1 = 8444241 = 1510 
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Example-89: Find 1000010, - 1111000, using 1’s complement method, Also carry out the derirral 
subtraction to check for the correctness of the result. z 


1000010 — 1111000 01000010 - 01111000 


01000010 + 1’5 complement of (01111000) 
01000010 + 10000111 


" 


x 
0100001 9, 66, | -120 
10000111 | =1205 7 66 
NOOverflowbi,+ + 1090001211 | 
Mote 110010074 J = Shy, 
~.Negative answer | 4’s complement 


oo110110 
Now 00110110, = (2x1 + 241 + 2°x1 + 2'x1) = (32+16+4+2) = Ay, 


In this example a larger number (120;0) is subtracted from a srnaller number (bin). The fact that the reswsit 
should be negative is seen from the sign bit of the first addition. Note that unlike the previous subtraction 
there is no overflow bit. Also the leftmost bit i.e. the sign bit is 1. This indicates that the result is 
negative and hence present in 1’s complement form. We vill not get the actual magnituxte from this 1’s 
complement form. Hence the 1’s complement operation is again done on the rewlt to get the actual 
magnitude of the result. The final result is written by placing a negative sign before the value to get the 
result as -110110. Do not forget to put the negative sign in such case. 


Therefore the required difference is = — (110110), 
Example-90: Find 119, — 126; using 1’s complement method. 
First the numbers are converted to binary. 


219. 2 (126 

259 remi 263 remo j 

229 rem1i 2131 rem1 

214 rem1 2{15 rem1i 

2 7 remo 2 7 remi 

2 3 remi 2\|_3 remi 

2 i rem 2 1 rem1 
0 remi 0 rem 

(119),» = (1110111), (126)1» = (1111110), 


-1110111- 1111110 = 01110111-01111110 [with the sign bit] 
= 01110111 + 1's complement of (01111110) 
= 01110111 + 10000001 


+2 2 > 
01110111, 119,, -126 
NO Onettiow Bit, ¥. 1000000 1, 126.5 J 119 
AND sign bit=1 111112000 -7W 
Negative answer } 4's complement 


OOOO PL = (2+ 21 + Pd) = (44241) = 7 


In the above example, since a larger number (126;,) is subtracted from a smaller number (11945) the final 
result will be negative and is equal to —7i9. Thus we have to take the 1’s complement of the first result of | 
addition to get the final result and the answer is written with a negative sign. 


Therefore the required difference is = — (111), = —7ip | 

2’s. complement subtraction ly 

To subtract binary numbers using 2’s complement method, the following steps need to be carried out: | 2’s complement 
Step: Find the 2's complement of the number which is to be subtracted (Le. the subtrahend) paubtraction 
Step2: Add the complement obtained in step! to the number from which it is to be subtracted (ie. the | 
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Step3: In case there is an overflow carry generated at the end of the addition then Hnore the over, 

bit to obtain the final difference 

Step4: In case the overflow carry is not present, then find the 2's complement of the result obtaing, 
step 2 and put a negative sign before it to get the final result ‘ 


Example-91: Find 111011, - 1001, using 2's complement method. Verify result using decimal Subtraction, 


First express both the numbers as positive sign magnitude numbers with the same number of 

and the MSB representing the sign bit. As the minuend is 6 bits and the subtrahend is 4 bits in this ty 
both are expressed as 7 bit numbers with the first bit representing the sign and the remaining ¢ .* 
representing the magnitude. Therefore the above calculation is equal to: & 
111011 — 1001 = 0111011 - 0001001 

= 0111011 + 2's complement of (0001001) 

= 0111011 + [ { 1’s complement of (0001001) } + 1] 
= 0111011 + [1110110+1] 
= 0111011 + 1110111 


1110110 = 
+1 


1110111 
5910 
IGNORE + + ag 
a ee) —n 
Overfow i oa 501 


Also the result 0110010, = 251 +241 + 2'x1 = 32 + 16 +2 = 509 


In the above case, after the addition as there was an overflow of 1, it was ignored to get the final resut ¢ 
the 2's complement subtraction as (110010), 


Example-92: Find 110011, — 100000, using 1’s complement method. Also carry out the decimal subtraction 
to check for the correctness of the result. 


110011 - 100000 0110011 - 0100000 
0110011 + 2’s complement of (0100000) 

0110011 + [ { 1's complement of (0100000) } + 1] 
0110011 + [101111141] 
= Giloons + 1100000 


0110011, 
IGNORE 1100000, 


Overflow bit o_o 
g meeTaTE Pere aria ert 19 
Also the result 00100112 = 24d + 2'x1 + 2%1 = 16+2+1= 19% 
Therefore the required difference is = (10011), 


Example-93: Find 1000011, - 1111100, using 2's complement method. Carry out the decimal subtraction bb 
check for the correctness of the result. 


1000011 — 1111100 = 01000011 - 01111100 
01000011 + 2's complement of (01111100) 
01000011 + [ { 1's complement of (01111100) } + 1] 


01000011 + [1000001141] 
01000011 + 10000100 


10000141, 671 -124 
NO Overfiow Bite4: ooo i100 7-124) 67 
AND sign bit=1 100 =e 
«Negative answer 


HA (gives the magnitude of the resutt) 
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Now 001110012 = (25x1+2%x142%x142"x1) = (32+16+8+1) = 57i9 (gives the magnitude here) 


In this example a larger number (12449) is subtracted from a smaller number (6710). The fact that the result 
should be negative is seen from the sign bit of the first addition. Note that unlike the previous subtraction 
there Is no overflow bit. Also the leftmost bit i.e. the sign bit is 1. This indicates that the result is 
negative and hence present in 2's complement form. We will not get the actual magnitude from this 2's 
complement form. Hence the 2's complement operation is again done on the result to get the actual 
magnitude of the result. The final result is written by placing a negative sign before the value to get the 
result as -111001. Do not forget to put the negative sign in such case. 

Therefore the required difference is = — (111001), 


Example-94; Find 2119 — 3119 using 2's complement method. 


2(21 2 (BL 

2 U10_ remi 2(15_ rem 

2L5_ remo 2L7_ rem1i 

2.2 remi 2L3_ rem1 

2L1_ remo 2L1_ rem1 
0 remi 0 rem1 

(21)10 = (10101), (31)s0 = (11111). 


= 10101- 11111 = 010101 - 011111 [with the sign bit] 
010101 + 2's complement of (011111) 
010101 + [ { 1's complement of (011111) } + 1] 
= 010101 + [100000+1) 


100000 
= 010101 + 100001 +1 
100001 
| 21 -31 : 
NO Overfiow bit, ~ 31y So 
AND sign bit=1 — 10 
-.Negative answer ”s complement = 1’s complement +1 


0) 0°: (2x1 + 2x1) = (8 + 2) = 10j0 (gives the magnitude) 
Therefore the required difference is = - (1010), 
* General Rule to find the Complement of a Number 


In general, the radix or base complement of an n digit number x, with base b, is by definition given as 
b'-x. 


Thus for the decimal number system if the number is 2659, then the radix complement of 2659 will be 
10* — 2659 = 10000 - 2659 = 7341. 
However, the radix complement is easily obtained by adding 1 to the diminished radix complement, which 


is given by (" 1) — x. The diminished radix complement can be found more easily by complementing each 
digit in the original number with respect to (b-1). Thus for the decimal number 2659, the diminished radix 
complement i.e, 9’s complement will be: 


(10* - 1) - 2659 = (10000 - 1) - 2659 = 9999 - 2659 = 7340. By adding 1 to this we can easily get the 
same 10's complement as (7340+1) = 7341. 


Similarly for the hexadecimal system with base as 16, the diminished radix complement of a number like 
3A8D will be: 


(10* - 1) -3A8D = (10000 - 1) - 3A8D = FFFF - 3A8D = C572i6 


Note that when 1 is subtracted from 10000, then the result will be FFFF in hexadecimal, as FFFF+1=10000;. 
in hexadecimal number system. The radix complement of 3A8D can then be easily calculated as: 


5724g + 1 = C5735. 
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3,6 Various Binary Coding Schemes 
Unlike real numbers which have an infinite range, there are only a small finite number of characters {ix 


e 
alphabets, digits, punctuations etc. An entire character set can be represented with just a few bits hy 
character. Some of the most common character representations are described below. Dy 


« The ASCII Code 


The American Standard Code for Information Interchange (ASCII) is used for representing characte 
in a computer system. The representation for each character consists of 7 bits, and all 2” possible bit Patte, i 
represent valid characters. A table for all the ASCII characters Is given at the end of the chapter. ™ 


The ASCII character set (excluding the extended characters defined by IBM) Is divided into four grou, 
32 characters. 


The first group of 32 ASCII characters from 0 through 31 (1F in Hex)) form a special set of Non-printy 
characters called the control characters, They are called control characters because they pert! 
various printer/display control operations rather than displaying symbols. Examples Include carriage re, 
which positions the cursor to the left side of the current line of characters, Ane feed which moves the CUts¢ 
down one line on the output device, and back space which moves the cursor back one position to the left, 


Pay 


The second group of 32 ASCII characters comprise various punctuation symbols special cha 
and the numeric digits. The most notable characters in this group include the space character (ASCII Code | 
32) and the numeric digits (ASCII codes 48..57). Note that by subtracting 48 from the ASCII code for any 
particular digit you can obtain the numeric equivalent of that digit. 


The third group of 32 ASCII characters is reserved for the upper case alphabetic characters, The 
ASCII codes for the characters ‘A’...\2' lle in the range 65...90. Since there are only 26 different alphabetic 
characters the remaining six codes hold various special symbols. 


The fourth and final group of 32 ASCII character codes are reserved for the lower case alphabet. 
symbols, five additional special symbols, and another control character (delete). Note that the lower 
case character symbols use the ASCII codes 97..122. 


¢ The EBCDIC Code 


A problem with the ASCII code is that only 128 characters (from 0000000, to 1111111) can be represented, 
which is a limitation for many modern keyboards that have a host of special characters in addition to the 
standard characters. The Extended Binary Coded Decimal Interchange Code (EBCDIC) is an eight-bit 
code used widely in IBM mainframe computers and allows representing a maximum of 256 symbols. 


¢ The Indian Script Code for Information Interchange (ISCII) 


Indian Standard Code for Information Interchange (ISCII) is a 
coding scheme for representing various writing systems of 
India. It encodes the main Indic scripts. The supported scripts are 
Assamese, Bengali, Devanagari, Gujarati, Gurmukhi, Kannada, 
Malayalam, Oriya, Tamil, and Telugu. It is an 8-bit encoding scheme. 
The lower 128 codes are plain ASCII, the upper 128 codes are ISCII- 
specific. 

ISCII was proposed jin the eighties and a suitable standard was 
evolved by 1991, Here are the salient aspects of the ISCII 
representation. 


« Itis a single representation for all the Indian Scripts. 
* Codes have been assigned In the upper ASCII region (160-255) for 


i} 
8 


T 


45|4) & 
aja iw 
at iw 


Is 


ja 


ww! al el x] H| oO} 


| 
i 


ala ls 


| 
| 


\4 ja jo lala ja 


| 
| 
T 


e} @| a] oO! 


the alphabets of the specific language, 
= The scheme also assigns codes for the matras. 
« Special characters have been Included to specify how a consonant 


T 
Blot fa Jalon |e fe 
jm |Z joe fas fc jy |e fe 


dia 


| >| 
| 
| 
{ 


aie ela le fa la | 


la | 
et 


|> 


In a syllable should be rendered. Rendering of Devanagarl has 
been kept In mind. 

* A special attribute character has been included to identify the script 
to be used In rendering specific sections of the text. 


| 
la lea [a 


\ 


=| cf Oo] a} & 
a lola 


} 
| 
| 
f 
| 
1 
\ 


ae le 


& 
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In the table shown in the last page, there are six columns of 16 codes each, starting at the hexadecimal 
value of AO which is equivalent to decimal 160. Note that some code values have not been assigned. 


Note that ISCII codes have nothing to do with fonts and a given text in ISCII may be displayed using 
many different fonts for the same script. This will require specific rendering software which can map the ISCII 
codes to a matching font for the script. 


Since most circults work using binary logic, hence the binary number system Is the most suitable number 

for computers. However, the human society is used to the decimal number system. Hence the values 
entered by humans in the decimal number system need to be converted to binary before calculations can be 
done by the computer. Mainly due to this reason, most of the early computers worked using binary- 
coded decimal number systems. In such a system, a coded group of binary bits are used to represent 
each of the ten decimal digits from 0 to 9. 


Binary Coded Decimal (BCD) code is one such alphanumeric code developed by IBM and that was used to 

both digits and characters in computers. It is a 6-bit code that can be used to represent a 
maximum of 2°=64 possible symbols. Thus apart from the 10 digits from 0 to 9, only uppercase alphabets 
and a few other symbols can be represented by a BCD code, 


Jn this code, each decimal digit is represented as a 4 
bit binary number as shown on the right. Thus the 


Decimal «BCD code Decimal» BCD. code 


Gilt 1 ls represented as 0001, 5 as 0101, 9 as 1001 goo 7 

. antcadinis-aleg. known as a 8421 code as each bit is 0010 7 
assigned a weight depending upon its position. 0011 ry 
Here the MSB has a weight of 8 and the LSB has a 0100 9 
weight of 1, 


To convert any BCD value to Decimal we have to just multiply the binary digits by their weights. Thus 1001pcp 
= (1x8 + 0x4 + 0x2 +1x1) = 940. 


To represent a number like 309 using BCD, instead of finding the binary equivalent of 309, each digit is 
represented as its corresponding BCD number as shown below: 


3 0 9 (in decimal) 
0011 0000 1001 (in BCD code) 
Therefore 309;9 is (0011 0000 1001) in BCD code. 


Similarly (6485)19 = (0110 0100 1000 0101)acp (refer to table for decimal digit to BCD conversion) 


xcess-3 Code: 


A problem with the BCD code is the formation of complements. It is a common feature in a computer system 
to perform a subtraction by using the complement of the number to be subtracted. Thus [x - y] is calculated 
as [x + complement of y]. For example with decimal numbers the 9's complement is used for subtraction, 
whereby [Xo — Yio] = [X10 + (9’s complement of Y1o)]. 


However when working with a computer, the most natural complement is the 1's complement, whereby the 
0's and the 1’s in the number are simply reversed to get the complement of the number. However, using the 
BCD code you do not get the complement directly or naturally. For example the 9’s complement of 71 is 
(9-7)=2,o. But since the BCD of 7 is 0111,, the natural complement of 01112 is 10002, which does not 
represent the BCD value for 2 i.e. 0010.. 


One of the first codes developed to overcome this 
Problem was Excess-3 code developed at Harvard and 
used with the Mark machines. In this system the 
number 0011, (i.e. 319) is added to each BCD 
value to get its equivalent Excess-3 code. 


The table on the right gives the excess 3 codes for the 
decimal digits 0 to'9. Note that the code is a self- 
complementing code. This means that the 
complement of a number in XS-3 code directly gives the corresponding 9's complement value of that number. 
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| The following examples convert the decimal numbers 469 and 530 to their XS-3 codes, 


it : O's complement > tts ects 


4 6 9 = (Decimal) 5 3 0 (9's complement Decimal) 
0100 0110 1001 (BCD code) 0101 0011 0000 


+0011 00110011 (Adoltion of ) «+0011 0011 _—0011 
111 10011100 (xS-3code) 100001100011 (xS-3 code for 530;0) 


| 1's complement ¥ 


| One can observe that 530 is the 9's complement of 469 and at the same time the XS-3 code of 530 is 


eg 


Gray Code 


oP 


Bit map images | 


direct 1's complement of the XS-3 code for 469. Because of this, doing arithmetic calculations in XS-3 j 
easier than in BCD. However XS-3 code is not a weighted code. J 


« The Gray Code: 


Gray code numbers are usually used instead of binary numbers to design analogue to 
digital counters. Consider the consecutive binary numbers 0111, (7) and 1000, (8). In a 
counter, when the counting changes from 7 to 8, all the four digits 0111 will get changed 
to 1000, This change in all the digits usually does not occur simultaneously. As a result we 
can get intermediate numbers in-between the change, producing erroneous 
results, 


The Gray code was developed to overcome this problem. In the Gray 
code system, the bit change between any two consecutive 
numbers is always only one. A Gray code for a given number can 
be obtained by successive XOR operation between the bits using the 
following rule: 


Tf by Bz by bo is a binary number whose equivalent Gray code is gs 
9293 Go, then we can obtain the values of the Gray code digits as: 


93= bs (No XOR operation is done on the MSB) 
92= b3® bz 
91= 628 by 
Go= by® bo MSB remains same 


Thus binary bz by bp = 111 =(1) (1@1) (1@1) = 100 in Gray code 
and binary bs 2 by By = 1010 = (1) (190) (0@1) (1@0) = 1111 in Gray code, 


Gray code is not a weighted code, as a digit in this system does not carry any positional value. The Gray 
code for a 3 bit counter that can count from 0 to 7 in binary is shown above. Note that though there are 
multiple changes in bit pattern between some of the consecutive numbers in the binary value column, but 
there is only a single bit change for any two consecutive values in the corresponding Gray code column. This 


Prevents the occurrence of any transient error values when the count changes from one value to the 
next. 


3.7 Bitmap Images 
Apart from numeric and character data, a digital computer can also store image data in a digital form. Such a 


| digital image is basically a binary representation of a two-dimensional image. 


Depending upon the way the image is constructed, digital images can be stored either as a raster image 


| Or as a vector image. By default, a digital image usually refers to a raster image only. 


a, Raster images are composed of a set of digital values called picture elements or pixels. Pixels 
form the smallest building block of a digital image that can be accessed and processed. Each pixel stores 
information regarding the intensity of a given colour at any specific point in the image. The whole image 
is stored as a two dimensional array, consisting of rows and columns of these pixels. Such a method of 
storing a colour picture In a digital computer is known as bitmap representation of an image. 
In MS Windows, the image created by the application Paintbrusiis a bitmap image that is saved with the 
-bmp extension. 


P1-3-34 80 


Rudiments of Computer Science 


Data Representation 


Bitmap images can be classified based on the colour values of these pixels as: 
+ Binary images: Images consisting of only two colours (like only black and white) 
* Grayscale images: Images Consisting of shades of gray from pure white to pure black 
* Colour images: Images consisting of multi-colour information 


b, Vector images are generated by mathematical equations. For example, Instead of storing a circle a 


as a Set of pixels, it can be stored as an equation like ax?+by?4-c=0, which requires much less space to actor images are 
store the same data, However, these are not suitable for storing photographs. | generated by 


Originally bitmaps used one bit per pixel, without any colour Information. But nowadays a multi-coloured | oathamstica! 
image can also be stored as a bitmap, which is also called plxmap. Various bitmap file formats are in use, | | sibababin 
The common among these are the standardised compressed bitmap files such as GIF, JPEG, TIFF, and PNG. as 


wm 


We have seen that computers can store only binary numbers and have learnt how to represent numbers In | Fixod and Floating 
various number systems. In this section we will learn about the methods used to represent real numbers, le. | point Numbers 
numbers that can have a whole number part and a fractional part. Examples Include numbers Ike 123.456, | 

0.0045, 67,0988, -0,0034506, 1.2898x10" etc, | 


For storing such numbers we have to basically store the sign of the number, the digits that make the number 
and the position of the base point in the number. Depending upon the way these three things are stored, 
there are different types of representations of real numbers. Computers use specific amount of space for 
storing a given value. Various methods have been devised to store various numbers using the fixed space 
available. These are discussed below. 


« Fixed Point Decimal Numbers | a 


: -_ i || i 
The idea of fixed-point representation is to put the decimal point at a fixed position within the set of Whats tha desing) 
available places. This provides a fixed set of places to the left and right of the decimal point. yt 


Let us assume that we are working with computer memory that can store a total of 6 decimal digits, with 4 | | the set of 
digits storing the integer part and 2 digits storing the fraction part. The sign of the number Is stored as an | available places 
additional space to the left of the number. The examples below show how the numbers +3561.45, +64.1, and | | for the digits, it is 
-0.07 are stored in this representation. The decimal point is assumed to be 2 places from the right. 


+3561.45 , +64,10 -0.07 
+BEGROE elefels|sfo] — afofo[oJofof7] 
ae Assumed x point sign Assumed 2 a point nA Assumed sana point | 


Using the fixed representation as shown above, we can store a maximum positive value of +9999.99 and a 
maximum negative value of. -9999.99. Thus the range of values that can be represented using this 6 position 
fixed point representation is from -9999,99 to +9999.99 only. 


¢ Disadvantages of Fixed Point Numbers 


Fixed point real numbers can be used in situations where very large numbers are not involved, or where 
the precision of a value is not required beyond a certain range. For example in financial accounting 
software, there is no need to store values with more than two places after the decimal point. 


However, this method cannot represent a wide range of values and may need a large number of 
digits to do so. For example a system that can store both the values 0.0000000098765 and 
126450000000.0 with correct precision would require a lot of hardware to store and manipulate such 
numbers. Also more is the number of digits, more is the time taken for the computation. 


In this context note the tepresentation of decimal numbers using a total of 6 digits as shown above. Though 
‘Space is available for storing 6 decimal digits, we cannot store numbers like 123854 or 0.07056, though each 
Of these numbers is actually requiring a maximum of six digits. 


Fine precision however is generally not needed when very large or very small numbers are used. For example 
for majority of practical use it is sufficient to express the speed of light as 299792458 m/sec, The value Is so 
large that whether it is 299792458.16 m/sec or 299792457.88 m/sec hardly makes a difference. In an 
efficient computer only as much precision is retained as is required. 
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* Scientific Notation Representation of Real Numbers 


| The second method, i.e. the floating point representation of real numbers is based on the sci 


notation for expressing both very large and small numbers in a concise format. It increases the range y 
numbers that can be represented using a fixed set of positions. The representation allows a large range ¢ 
Numbers to be represented using a telatively smaller number of digits. 


For example consider the decimal number 602300000000000000000000. Though a very large value, but 
be represented using a concise Notation with the real number part 6.023, and the base 10 (for decing 
numbers) raised to the power 23 as 6.023x102, 


This scientific notation has therefore three components. 
* Base: Indicating the base of the number system used (i.e. 10 for the decimal number above) 
* Exponent: Indicting the power to which the base is raised (i.e. 23 for the number 6.023 x10?) 


* Mantissa: Indicating number of significant digits used to represent the number (i.e. 6.023 for the 
number 6.023 x10) 


Using this form however the same number can be represented in different ways, which makes 
comparisons and arithmetic operations difficult. For example consider the value (3584.1)19 
(384.1)10 = 384.1x 10° 
= 38.41 x 10! 
= 3.841 x10? 


= 0.3841 x 10° 
= 0.03841 x 10* ete. 


¢ Normalisation of Floating Point Numbers: 


In a real number, the digits that are used to express the number and contribute to its precision are called the 
significant digits. For example 23.204;9 and 101.11, have 5 significant digits each, as all 5 digits are 
Tequired to know the value of the numbers correctly. However -0.00056,9 has only 2 significant digits i.e. 5 
and 6, while the Temaining three ‘O's after the decimal point are used for determining the position of the 
decimal point in the number, and hence are not considered as significant digits. Significant digits play an 
important role in representing numbers in floating point representation (note that for a number like 9.05600, 
the number of significant digits will be 6 and not 4, as by keeping the last two 0’s we get an idea of the 
Precise value up to the 5" place after decimal). 


In order to avoid multiple representations for the same number as shown above floating point numbers 
are stored in a pre-defined normalised form. The process of normalisation involves shifting the base 
Point to the left or right until the base point is to the left of the leftmost nonzero digit. To keep the value 


| of the number unchanged, the exponent is adjusted accordingly. 


In other words, in a normalised number the base point Is placed to the left of the first non-zero 
digit and the exponent adjusted accordingly to keep the value of the number unchanged, The normalised 
values for some numbers are given below (x): 


+(459.009);. = +0.459009 x 10° 


+(987);9 = 40.978 x 10° 
~(0.987),5 = -0,978x 10° 
+(0.000978)i9 = +0.978 x 10° 
-(0.001001), = -0.1001 x 2? 


The general format for representing a normalised floating point number N is: N = § Mx RE where: 
* Sis the sign of the number i.e. + or — (the + sign may be omitted) 


= M Is called the mantissa, and forms the string of significant digits of the normalised floating point 
number. The value of the mantissa is between 0 and 1, i.e. 0<M<1 


* Ris the radix or base of the number system used to represent the number 
« Eis the exponent part, which determines the position of the base point in the number 


Hence if N = -0.56x10%, s is equal to ‘—, M is equal to 0.56, Ris equal to 10, and E is equal to -2. 


pana 82 (*) Some systems represent a normalised number by putting the base 
z oint after the first significant digit as +3.059 x 10° for example 
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« IEEE 754 binary floating point number standard 


IEEE Standard 754 floating point number representation is the most common representation today for | 

real numbers on computers, including Intel-based PC's, Macintoshes, and most UNIX platforms. It was | u BEM 
developed way back in the 80's by the Institution of Electrical and Electronics Engineers (IEEE), USA for | 
representing floating point numbers In computers and performing arithmetic operations. | 


As in the previous case, IEEE floating point numbers have three basic components. These are the sign, the 
exponent, and the mantissa part. There are generally two types of numbers that are represented using 


this standard, These are the 32 bit single precision number and the 64 bit double Precision number, | 
The distribution of bits for each representation Is given below: | 
| 
| 
| 


Single Precision 32 bits 1 bit 8 bits 


23 bits 
Double Precision 64 bits 1 bit 11 bits 


52 bits 


A detailed discussion on this standard is beyond the scope of the syllabus. 


e Loss in precision in floating point representation: | 


For a single precision number we are using a 32-bit format and re-arranging the fields to cover a | 
much broader range. In doing so, we are actually losing in precision. For example, a regular 32-bit 

integer can precisely store any value from 0 to P41 = 4,294,967,295. A single-precision floating-point | 
number on the other hand is unable to match this resolution with its 23 bits that are allotted for storing its 
significant digits. In this context note that a 23 bit binary integer can store values up to Pa = 8,388,607 
which is much less than 4,294,967,295. So a 32 bit floating point value, with only 23 bits available for storing 


the significant digits approximates this value by effectively truncating digits from the lower end i.e. 
the LSB positions, with minimum loss in significance. 


Though the range of floating point numbers is much more than integer numbers represented by using the 
same number of bits, the price we have to pay for this higher range is a loss in precision. The error 
produced by truncating the least significant digits of a number is called round-off error. 


The ability for a range/precision compromise is a major advantage of using a floating point | Round Off error 
representation. In applications requiring higher precision one can increase the mantissa size, and in | 
applications requiring a larger range, one can increase the exponent size, but cannot do both simultaneously. 


| 
| 
* Floating Point Arithmetic | 


This section deals with arithmetic operations like addition, subtraction, multiplication, and division that can be | Floating point 
carried out on normalised floating point numbers. | eS 


| Arithmetic 
Floati int Additi 4 Sut ; 
If two numbers in floating point representation are to be added or subtracted, the exponents of the two | 
numbers must be made equal first. This may require shifting the radix point. To preserve the range of 
the numbers correctly, the radix point needs to be shifted in the number with the lesser exponent, | 
to match the exponent of the number with the larger exponent. 


Example-95: Add 0.2451 x 10” and 0.5353 x 10” | 


As the exponents are same for both the numbers we need to only add the mantissa portions as: 
0.2451 x 10" + 0.5353 x 10°” = (0.2451 + 0.5353) x 10’ = 0.7804 x 10” 


Example-96: Add 0.1234 £03 and 0.4567 £02 (here E03 means x10?, and £02 means x10") 


Here the exponents are not the same for the numbers, Hence we need to first adjust the decimal point of the 


number with the lower exponent to match that with the higher exponent before adding the corresponding 
mantissa parts, 


0.1234 x 10" + 0,4567x 10" = 0.1234 x 10° + 0.4567 x 10°" 
= 0.1234 x 10° + 0.4567 x 10° x 10° 
= 0.1234 x 10° + 0.0456 x 10° 
(0.1234 + 0.0456) x 10° 
= 0.1690 x 10° 
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Note that after adjusting the exponent of the second number, we have not retained the last digit y 
reason is that in a fixed space representation the number of digits available in the register is “W 
Accordingly we can store only the same number of digits as there are initially. Fey 


Example-97: Add 0.6321 £08 and 0.5736 £08 
| 


Here the exponents are same. Hence we simply need to add the mantissa parts. 


0.6321 x 10° + 0.5736x10 = (0.6321 + 0.5736) x 10° 
| 


= 1.2057 x 10° 
= 0.12057 x 10° (after normalizing the result) 
= 0.1205 x 10°° (after removing the extra digit) 


Note that the last digit in the result i.e. 7, has been truncated as there are only 4 places availa 
register for storing the number. 


Example-98: Add 0.5567 x 10” and 0.7689 x 10” 
Here the exponents are same. Hence we simply need to add the mantissa parts. 


ble in te 


| 0.5567 x 10°" + 0.7689 x 10°" = (0.5567 + 0.7689) x 10” 


= 1.3256 x 10” 
= 0.13256 x 10" 


Note that after normalising the result we have got an exponent of +100, which is beyond the storage apacty 
of the format used. Hence this gives rise to an overflow condition. 


Example-99: Add 0.3876 x 10° and 0.9563 x 10° 


Here the exponents are not the same for the numbers. Hence we need to first adjust the decimal point OF thy! 
number with the lower exponent to match that with the higher exponent before adding the correspond 
mantissa parts. Since the exponents are negative, we have -6 > -8 and hence both the exponents are Mage 
equal to the power 10° and the decimal point adjusted accordingly. 


0.3876 x 10° +0.9563x10° = 0.3876 x 10°” + 0.9563 x 10° 
= 0.3876 x 107 x 10° + 0.9563 x 10° 
.003876 x 10° + 0.9563 x 10° 
.0038 x 10° + 0.9563 x 10° (truncating the extra digits) 
= (0.0038 + 0.9563) x 10° 
= 0.9601 x 10° 


Example-100: Add 0.1001 x 2° and 0.0111 x 2” 


Here the numbers are expressed in binary and the exponents are not the same for the numbers. Hence we 
need to first adjust the binary point of the number with the lower exponent to match that with the higher 
exponent before adding the corresponding mantissa parts. 
0.1001 x 2° + 0.0111 x 2” = 0.1001 x 2° + 0.0111 x 2°" 
= 0.1001 x 2° + 0.0111 x 2"x 2° 
1001 x 2° + 0.00111 x 2° 
.1001 x 2° + 0,0011 x 2° (truncating the extra digit) 
= (0.1001 + 0.0011) x 2° 
= 0.1100 x 2° 


Example-101: Add 0.1001, x 2° and 0.0111, x 2” 


Here the numbers are expressed in binary and the exponents are not the same for the numbers. Hence we 
Need to first adjust the binary point of the number with the lower exponent, to match that with the higher 
exponent before adding the corresponding mantissa parts. 
0.1001 x 2° + 0.0111 x 2” = 0.1001 x 2° + 0,0111 x 2” 

= 0.1001 x 2° + 0.0111 x 27x 2° 

= 0.1001 x 2° + 0.00111 x 2° 

= 0.1001 x 2° + 0,0011 x 2° (truncating the extra digit) 

= (0.1001 + 0.0011) x 2° = 0.1100 2° 
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Example-102: Evaluate the expression 11.101 x 2” + 1.0111 x 2° using floating point arithmetic, 


| 
Here the numbers are not in a normalised form and the exponents are also not the same. Hence we need to | 
first normalise the Numbers and then adjust the binary point of the number with the lower exponent, to | 
match that with the higher exponent before adding the corresponding mantissa parts. | 


11.101 x2" + 1.0111 x 2° = 0.11101 x 2" + 0.10111 x2? (normalising the numbers) | 

11101 x 2 + 0.10111 x 2"? | 
11101 x 2" + 0,0010111 x 2!" 
11101 x 2" + 0,00101 x 2"! 
(0.11101 + 0.00101) x 2" 
00010 x 2 


100010 x a (normalising the result) 

= 0.10001 x 2 (removing the last extra digit) 
Example-103: Perform the subtraction 0.6321 £11 - 0,5736 £11 using floating point arithmetic, 
Here the exponents are same. Hence we simply need to subtract the mantissa parts. 
0.6321 x 10°" ~ 0.5736 x 10°" = (0.6321 - 0.5736) x 107 
= 0.0585 x 107 
0.0585 x 10 x 10° | 

= 0.5850 x 10° (after normalising the result) 

Example-104: Evaluate 0.110101 x 2° - 0.10101011 x 2° using floating point arithmetic. | 
Here the exponents are not same and need adjusting the binary point before subtraction. 
0.11010111 x 2°~0.10101011 x2" = 0.11010111 x 2°- 0.010101011 x 2° 
= 0.11010111 x 2° - 0.01010101 x 2° (removing the extra digit) 
= (0.11010111 - 0.01010101) x 2° 
= 0,10000010 x 2° 


| 
| 
Example-105: Perform the subtraction (0.63652£12) — (0.7654E11) using floating point arithmetic. | 


(truncating the extra digits) 


0.63652 x 10°" — 0.7654 x 10" = 0.63652 x 10°" - 0.76540 x 10" (as -11 > -12) 
= 0.63652 x 10° x 10°" - 0.76540 x 107? 
= 0.063652 x 10° — 0.76540 x 107" 
0.06365 x 10°" - 0.76540x 10" (removing the extra digit) 
= (0.06365 - 0.76540) x 10 = -0.70175 x 10° 


Example-106: Perform the subtraction 0.8301 x 10° - 0.301 x 10 using floating point arithmetic. 


0.8301 x 10° 0,301 x 10” = 0.8301 x 10° - 0.0301 x 10° | 
(0.8301 — 0.0301) x 10 | 


= 0.8x 10" a 


ivision: | Floating point 
Multiplication and 
To multiply two numbers in normalised floating point representation, first multiply the corresponding | Division 
mantissa of both the numbers to get the mantissa of the result. Next add the exponents of each of the 
numbers to get the exponent of the result. 


To divide two numbers in normalised floating point representation, first divide the mantissa of the first 
number with the mantissa of the second number to get the mantissa of the result, Next subtract the 
exponent of the second number from the exponent of the first to get the exponent of the result. 


Example-107: Multiply 0.1234 x 10” and 0.7689 x 10° using floating point arithmetic, 
(0.1234 x 10°) x (0.7689 x 10°) = (0.1234x 0.7689) x 10°" | 
= 0,09488226 x 10 


= 0.948826 x 10” (normalising the result) | 
= 0.9488 x10” (removing the extra digits from the end) 
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Example-108; Multiply 0.11010111 x 2° and 0.10010011 x 2” using floating point arithmetic. 


(0.12010111 x 2) x (0.10020011 x 2°) = (0. 11010111 x 0.10010011) x Pi 
= 0,0111101101110101 x 2 
= 0,141101101110101 x 2 (normalising the result 
= 0,11110110 x 2° (removing the extra dig 
Example-109; Multiply 0.9876 x 10°” and 0.6548 x 10° using floating point arithmetic, 


(0.9876 x 10) x (0.6548 x 10°) = (0.9876 x 0.6548) x 10”"° 

= 0,64668048 x 10°” 

= 0.6466 x 10°” (removing the extra digits) 
Note that with a 2 digit exponent value the exponent 103 will produce an overflow condition. 


Example-110: Multiply 0.2345 x 10° and 0.2679 x 107 using floating point arithmetic. 
(0.2345 x 10°) x (0.2679 x 10°) = (011010111 x 010010011) x 2°? 


= 0,06282255 x 2° 
= 0,6282255 x 2° (normalising the result) 
= 0.6282 x 2° (removing the extra digits) 


Example-111: Divide 0.1234 x 10° by 0.7689 x 10° using floating point arithmetic. 
(0.1234 x 10") + (0.7689 x 10°) = (0.1234 + 0.7689) x 10°" 
= 0.1604 x 10° (after removing the extra digits) 


Example-112: Divide 0.8634 x 10™ by 0.1197 x 10% using floating point arithmetic. 
(0.8634 x 10) + (0.1197 x 10") = (0,8634 + 0.1197) x 10° 

= 7.2130 x 10° 

= 0.72130 x 10°" (normalising the result) 
Note that with a 2 digit exponent value the exponent 104 will produce an overflow condition, 


Example-113: Divide 0.9753 x 10° by 0.1364 x 10” using floating point arithmetic, 


0.9753 x 10° + 0.1364x 10" — = (0.9753 = 0.1364) x 10° 


= 7.15029 x 10° 
= 0.715029 x 10” (normalising the result) 
= 0.7150 x 10” (removing the extra digits) 


| Example-114: Divide 0.1101 x 2° by 0.1.x 2 using floating point arithmetic. 
| 0.11010 x 2°+0.1x2° = 0.1101 x 2+ 0.1000 x 2° 


= (0.1101 + 0.1000) x 2° 
= 1.101 x2" 


= 0.1101 x 2” (normalising the result) 
Example-115: Divide 0.11011101 x 2° by 0.11 x 7 using floating point arithmetic. 
0.11011101 x2°+0.11x2" = 0.11011101 x 2° + 0.100000 x 22 


= (0.11011101 + 0.1100000) x 2°? 
= 100100110 x 2° 


= 0.100100110 x 2” (normalising the result) 
= 0.10010011 x 2” (removing the extra digit) 
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The ASCII code Is summarised below: 


Binary. Valle 
00000000 {Null charactor) 
00000004 (Start of Honder) 
00000010 {Start of Toxt) 
00000041 (End of Text) 
00000100 (End of Transmission) 
00000101 (Enquiry) 
00000410 (Acknowledgment) 
00000111 (Bell) 
00001000 (Backspace) 
00001004 (Horizontal Tab) 
000010140 (Line Foed) 
00001011 (Vertical Tab) 
00001100 (Form Feed) 
00001104 (Carriage Return) 
00001110 
00001111 
00010000 (Data Link Escape) 
00010001 {XON) (Device Contro! 1) 
00010010 (Device Control 2) 
00010014 (XOFF)(Device Contral 3) 
00010100 (Device Control 4) 
00010104 (Negative Ack.) 
00010410 (Synchronous Idle) 


00010111 (End of Trans. Block) 
00011000 


00011004 
00011010 
000110114 
00011100 (File Separator) 
00011101 (Group Separator) 
00011110 (Request to Send) 
00014144 (Unit Separator) 
00100000 (Space) 
001000014 1 | (exclamation mark) 
00100010 (double quote) 
00100044 {number sign) 
00100100 (dollar sign) 
00100101 (percent) 
00100110 (ampersand) 
00100411 (single quote) 
00101000 (left parenthesis) 
00101004 (right parenthesis) 
00101010 
00101011 
00101100 
00101104 (minus or dash) 
00101110 «| (dot) 
00101144 (forward slash) 
00110000 Start of the 10 dec. digits 
00110001 
00110010 
00110011 
00110100. 
00110101 
00110110 
00110444 
*}/00141000 
(00111004 
00111010 
00111044 
00111100 
00114404 
00111440 
00114114 


Bindery. Venue Iss 
01000000 {AT aymbol) ASCII Table 
01000004 Start of Upper Case 
04000040 
01000014 
01000100 
01000104 
01000110 
01000114 
01001000 
01001004 
01001010 
01004014 
01001100 
01001101 
01001110 
01001114 
01010000 
01010001 
01010010 
01010014 
01010100 
01010104 
010101140 
01010144 
01011000 
01011001 
01011040 
01011011 


(lef¥opening bracket) 
01011100 


(back slash) 
01044104 (righticlosing bracket) 
01011110 (careti/circurnflex) 
01044414 (underscore) 
04100000 
04100004 
04100010 
04100014 
01100100 
04400104 
01100110 
01100414 
01101000 
01101004 
01101010 
04104044 
04101100 
01101104 
04101110 
01101414 
04140000 
01110004 
01110010 
04110014 
04110100 
01110104 
01110440 
01110444 
01144000 
01114004 
01111040 
041111044 
01441100 
01111404 
04111110 
04141114 


pe H-ON<xS<CASROVOZEr AC —-TOAMOVV>O 


a 


Start of Lower Case 


gag8898882R28E82E 222 


=~ COVSHAWHAO~ 


(leftiopening brace) 
(vertical bar) 
(rightclosing brace) 
(tilde) 


Pemnnexecerearasosg—*x-—-Fa 39 BOTs 


aviW As: 


The Fact File : 


Ina Non-Positional number system various different symbols are used to represent the numbers. Each 
symbol used in the number has the same value Independent of the position of the symbol in the 
number. For example 1=1, 2=I1, 3=III etc. The Roman number system is an example of this type 


Disadvantage with Non-Positional number system Is that arithmetic operations are difficult to perform 
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. ists of a fixed set of digits or symbols that are used to represen 

reece the peckion ra digit in the number gives the value of that digit. Example deci 
m | 

. Eade or radix of a positional number system indicates the number of different digits that are present in th! 
number system to represent the numbers. Example: base of decimal number system Is 10 

= Base of Binary number system Is 2 and the digits in that system are 0, 1 

= Base of Octal number system Is 8 and the digits in that system are 0, 1, 2, 3, 4, 5, 6, 7 

"Base of Hexadecimal number system is 16 and the digits in that system are 0, 1, 2, 3, 4, 5, 6, 7, 8, 94 
B, C, D, E, F " 

"Writing the base as a subscript to the number indicates the base of a number system. For example a binary Umby 
lIke 1001, which has a base of 2 is Indicated as 10012 i} 

* The Double Add Method is used to convert an integer number from binary to decimal 

= Tt ls much easier to convert between bases which are In powers of 2, |e. binary (2°), Octal (2°), and hexad 
(24), To convert a value from binary to octal, note that each octal digit (0 to 7) Is represented by 3 binary digits ) 
> 000, 1 + 001, 2 010, ... 7 > 111) 

* To convert from binary to octal 
Step1: Group the binary digits in groups of three from the right 
Step2: Replace each group by the corresponding octal digit 

= To convert a value from binary to hexadecimal, each hexadecimal digit (0 to F) Is represented by 4 binary digits al 
> 0000, 1 -+ 0001, 2 + 0010, ... E-» 1110, F -» 1111) 

Step1: Group the binary digits In groups of four from the right 
Step2: Replace each group by the corresponding hexadecimal digit 

= The Half Add Method is used to convert a fractional number from binary to decimal 

«The process of doing binary addition is the same as that of doing decimal addition. Binary addition Is much simpler 
than decimal addition, as we have to deal with only two digits ‘0’ and ‘1’ 

* While doing addition and subtraction using octal numbers, just remember that in octal number system 
there are only eight digits from 0 to 7. Thus after 7 we do not have 8 but 10, 11, 12 ..., up to 17, After 
17 since we do not have 18, we will have 20, 21, 22, ..., 27, 30 and so on. 

= While doing addition and subtraction using hexadecimal numbers, just remember that in hexadecimal Number 
system there are sixteen digits from 0 to F. Thus after 9 we do not have 10 but A, B, ..., up to F. After F since we dy 
not have any digit, we will have 10, 11, 12, ..., 1E, 1F and so on 

= Instead of using the direct method of addition/subtraction, one can use an indirect method, where} 
a number in any other base is first converted to decimal and then the required calculation Is done, 
After the calculation, the result is again converted back to the original base 

* In Sign Magnitude Representation the sign of a positive number is taken as ‘0’ and the sign of a negative number 
taken as ‘1’. The MSB will be used for storing the sign of the number, while the remaining bits are used for storing 
the magnitude of the number 

«In 1's Complement Representation a negative number is represented by the 1's complement of the 
Positive sign magnitude value 

* To form the 1’s complement of a number convert each 1 to 0 and each 0 to 1 in the positive sign magnitude 
number, Example, 1’s complement of 0011101 Is 100010 

* In 2's Complement Representation a negative number is represented by the 2‘s complement of the 
Positive sign magnitude value. To get the 2's complement add 1 to the 1’s complement of the positive 
sign magnitude value. 

* In 2's complement form there is a single representation for 0. There are no two different combinations that 
represent +0 and -0. Therefore 2's complement representation is a better representation method for signed 
numbers than the sign magnitude and 1's complement methods 

* nates aaa uses an additive method to do subtraction using the complement of the number to be 

ul 


Computers use definite amount of space for storing various values 

In fixed-point representation the decimal point is put at a fixed position within the set of available 

positions. This provides a fixed set of places to the left and right of the decimal point 

* If the computer uses 32 bits for representing fixed point real numbers, then we can allocate 1 bit for storing the 
sign of the number, 23 bits for storing the Integer part, and 8 bits for storing the fraction part 


* Fixed point real numbers can be used in situations where very large numbers are not involved, of 
where the precision of a value Is not tequired beyond a certain range 

* Fixed pont method of rey nting real numbers cannot represent a wid lat 
numberof dots oa urpprere 19 pt le range of values and may need a large 


* The floating point representation of real numbers increases the range of numbers that can be 
represented using a fixed set of positions 
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The floating point representation allows a large range of numbers to be represented using a relatively 
smaller number of digits by compromising digits used for precision 


The floating point representation is based on the scientific notation for expressing both very large and very small 
numbers in a concise format 


The scientific notation has three components: 

Base: Indicating the base of the number system used 

Exponent: Indicting the power to which the base is raised 

Mantissa: Indicating number of significant digits used to represent the number 
In a real number, the digits that are used to express the number and contribute to its precision are called the 
significant digits of the number 
The number 0.00056; has only 2 significant digits i.e. 5 and 6, while the remaining three ‘0's after the 
decimal point are used for determining the position of the decimal point in the number, and hence are 
not considered as significant digits 


Floating point numbers are stored in a normalised form in order to avoid multiple floating point representations for 
the same number 

The process of normalisation involves shifting the radix point to the left or right until the radix point is 
to the left of the leftmost nonzero digit. To keep the value of the number unchanged, the exponent is 
adjusted accordingly 

Hence the general format for representing a normalised floating point number N is N = sM x RE 

Precision of a floating point number is determined primarily by the number of digits in the fraction 
part, i.e. the mantissa M 

Binary floating point numbers are represented as N = sM x 2& 

One bit on the left of the mantissa is used for the sign of the mantissa. 0 for +ve, 1 for -ve 

The number of bits to be used for the mantissa is determined by the number of significant decimal digits we wish to 
have for the computation. In general 23 binary digits are used to represent the mantissa 

IEEE Standard 754 floating point number representation is the most common representation today for 
real numbers on computers 

There are generally two types of numbers that are represented using IEEE standard, These are the 32 bit single 
precision number and the 64 bit double precision number 

The error produced by truncating the least significant digits of a number is called round-off error 

If two numbers In floating point representation are to be added or subtracted, the exponents of the two numbers 
must be made equal first. This may require shifting the radix point. To preserve the range of the numbers correctly, 
the radix point needs to be shifted in the number with the lesser exponent, to match the exponent of the number 
with the larger exponent 

To multiply two numbers in normalised floating point representation, first multiply the corresponding 
mantissa of both the numbers to get the mantissa of the result. Next add the exponents of each of the 
numbers to get the exponent of the result 

To divide two numbers in normalised floating point representation, first divide the mantissa of the first number with 
the mantissa of the second number to get the mantissa of the result. Next subtract the exponent of the second 
fumber from the exponent of the first to get the exponent of the result 

The American Standard Code for Information Interchange (ASCII) is used for representing characters 
in a computer system. The representation for each character consists of 7 bits, and all 2” possible bit 
patterns represent valid characters 

Upper case characters always contain a ‘0’ in bit 5 and lower case alphabetic characters always contain a ‘1’ in bit 5 
Position for the 7 bit ASCII code 

The Extended Binary Coded Decimal Interchange Code (EBCDIC) is an eight-bit code that is used 
extensively in IBM mainframe computers and allows representing a maximum of 256 symbols 

Indian Standard Code for Information Interchange (ISCII) is a coding scheme for representing various writing 
systems of India 

Binary Coded Decimal (BCD) code Is one such alphanumeric code developed by IBM and that was used 
to represent both digits and characters in computers. It is a 6-bit code that can be used to represent a 
maximum of 2°=64 possible symbols 

In the Excess-3 (XS-3) code developed at Harvard and used with the Mark machines, the number 0011) (le. 3:0) is 
added to each BCD value to get its equivalent Excess-3 value 

The XS-3 code is a self-complementing code. This means that the complement of a number in the XS-3 
code directly gives the corresponding 9’s complement value of that number 

XS-3 code is not a weighted code 

In the Gray code system, only a single bit changes between any two consecutive numbers. This 
Prevents the occurrence of any transient error values when the count changes from one value to the 
next. 


12 


89 P1-3-43 


» 


ul 
Gray code Is not a weighted code, as a digit in this system does not carry any positional value a 
A Gray code for a given number can be obtained by successive XOR operation between the bits 
A digital Image Is basically a binary representation of a two-dimensional image 
Depending upon the way the image is constructed, digital Images can be stored either as a raster Image or 
vector Image Ni 
Raster Images are composed of a set of digital values called picture elements or pixels 
Vector images are generated by mathematical equations and require much lesser space to store 
GIF or Graphics Interchange Format Is a bitmap Image format that was introduced by Compu, 
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1987 and has since come into widespread usage on the World Wide Web 
JPEG Is a commonly used method of Image compression for digital images. The name JPEG stands fo, 
Photographic Experts Group, which Is the name of the committee that created the JPEG standard 2 
TIFF or Tagged Image File Format Is a file format for storing Images and is Popular among Staph 
artists, the publishing Industry, and both amateur and professional Photographers in general Me 
PNG or Portable Network Graphics Is a bitmap image format that uses lossless data compression 

PNG offers a variety of transparency options. With truecolor and grayscale ima 
can be declared as transparent, that allows a prticular background colour to 


ges a single pixel Val 
become transparent 


1 
a Ina number system various different symbols are used to represent the fier 
b. number system consists of a fixed set of digits or symbols that are useg t 
represent the numbers. 
c. Base of number system is 2. 
d. Base of number system is 16. 
e. The Method can be used to convert an integer number from binary to decimal, 
f. The Method can be used to convert a fractional number from binary to decimal. 
g. In hexadecimal number system there are sixteen digits from ________to___. 
h. 


- In Sign Magnitude Representation the sign of a positive number is taken as 
negative number is taken as a 


The 1's complement of 01110011 is 
The 2’s complement of 01100111 is 
The 2's complement of 01101100 is 


To get the 2's complement add 1 to the 
In 


and the sign of , 


of the positive sign magnitude value. 
form of signed numbers there is a single representation for 0. 

Minimum value that can be expressed using an ‘n’ bit 1's complemented signed value is__. 
Maximum value that can be expressed using an ‘n’ bit sign magnitude signed number is_. 


eparat 


- Multiple Choice Questions. Select from any one of the four options. soe 
i) The base of a number system is: 
a. The value of the maximum digit in the number system 
b. The value of the minimum digit in the number system 
2° The total number of distinct digits in the number system 
d. The number of arithmetic operations possible on the number system 
ii) The base of the number system with the digits 0, a, B, 


By iSt 

a.3 b.4 65 un 4.6 
ili) The value (9)10 = (?)16 

ac b.B aA 49 
iv) The value (11)19 = (?)i6 

a.9 DA AB ae 


v) The value (1111)2 = (?):¢ 


a. 10 b.B cD ak 
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vi) 
vil) 
vill) 
ix) 
x) 
xi) 
xii) 


xiii) 


xvil) 


xxvii) 
So) 


yoxix) 


The value (10)s = (?);16 


a7 b8 6.9 

The value (D)s6 = (?):0 

a. 11 b. 12 ¢, 13 

The value (FF)i¢ = (?)2 

a, 11111110 b, 10000000 c. 10000001 
The value (11)2 = (?)i6 

a2 a3 a4 

The value (10)2 = (?)g 

2 b.3 a4 

The value (111)2 = (?)s6 

as b.6 a7 

The value (77)3 = (?)2 

a, 111110 b. 111100 ev 411111 
The value (10):6 = (?)10 

a5 be16 c. 17 

The value (10)10 = (?)s - 

a. 10 b. 11 12 

The sum of (5)s+(3)e=(?)e 

a8 b.9 rag 
The sum of (4)e+(6)e=(?)s 

a. 10 b, tt E12 

The sum of (11)2+(1)2=(?)2 

a. 101 100 c. 110 
The sum of (7)s+(7)s=(?)s 

a.14 b. 15 16 

The sum of (A)6+(6):6=(?)16 

aF eb. 10 ol 

The sum of (9):6+(6):6=(?)i6 

aD b. 15 cF 

The difference (10)s — (4)s = (?)s 

a.3 b.4 a5 

The difference (12)s — (7)s = (?)s 

a3 b.4 a5 

The difference (10)15 ~ (Cis = (?)ss 

a3 b. 4 Gs 

The difference (D), — (9)1s = (?)16 

a.3 b.4 es 

The difference (111), — (101)2 = (?)2 

a.01 b. 00 c. 10 

The difference (1011), — (1000), = (?)2 

a. 01 b. 00 c. 11 

The 8 bit 1’s complement representation of -110010, Is: 
a. 11001110 b, 10001101 c, 11001101 
The 8 bit 1’s complement representation of -100001, is: 
a. 10011111 b, 10011110 c, 11011111 
The 8 bit 2’s complement representation of -101110, Is: 


a. 10010001 b, 11010010 c, 11010011 


Data Representation 


d, 10 
d. 14 


d, (1411111 


d. 00001101 
d, 11011110 


d. 11010001 
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0x) The 8 bit 2's complement representation of -1111012 is: 
a. 00000011 b. 11111110 c. 11000011 d. 10000011 
yaad) Which method is used to convert a fractional number from binary to decimal? 
a. Full Add Method —_b. Half Add Method cc. Double Add Method —d. Triple Add Methog 
wad) — Which method is used to convert a whole number from binary to decimal? 
a. Full Add Method —b. Half Add Method c. Double Add Method —d. Triple Add Methog 
aii) + Which is the best method to store signed binary numbers In a computer: 
a. sign magnitude —_b. 2's complement c. 1's complement d. none of these 
xxxiv) The full form of ASCII is: 
a. American Standard Code for Input Interchange 
b. American Standard Code for Information Intake 
cc, American Standard Code for Information Interchange 
d. American Standard Code for Input Interpretation 
yoov) ASCII code is used for representing what in a computer system? 
a. integers b. characters ¢. strings d. decimal numbers 
wovi) The BCD representation of 23 is: 
a. (00100011) b, (10001100) ¢. (00110010) d, (010011) 
xxxvii) The BCD representation of 49 is: 
a. (11100011) b. (1001001) c. (00110010) d., (01001001) 
yowviii) A single precision floating point number contains: 
a. 8 bits b. 16 bits c. 64 bits d. 32 bits 
xxix) A double precision floating point number contains: 
a. 16 bits b. 24 bits c. 64 bits d. 32 bits 
xd) The number of significant digits in the number 0.00234 is: 
a.2 b.3 a4 4.5 
xdi) The number of significant digits in the number 12.2309 is: 
a.6 b5 a4 d.3 
xiii) | The number of significant digits in the number 10.2300 is: 
a3 b.4 es d.6 
xiii) The normalised representation of the floating point value 2356.120054o is: 
a. 2.35612005x10° b. 0.235612005x104 c, 2.35612005x10° d. 0.235612005x10* 
xiv) The normalised representation of the floating point value 0.00010111, is: 
a. 0.10111%2° b. 0.10111x27 ¢. 1.0111x2? d. 1,0111x10? 
xiv) The normalised representation of the floating point value 0.0020050,9 is: 
a. 0.2005x107 b. 0.2005x10? ¢. 0.20050x107 d. 2.005x10 
xvi) The ASCII value of ‘A’ is: 
a. 97 b.1 c. 65 d. 122 
xtvil) The ASCII value of ‘a’ is: 
a. 97 b.1 c.65 d. 122 
xvii) The ASCII value of '0' is: 
a.97 b. 48 c. 65 d.0 
xix) Which word is represented by the following ASCII values taken together [72, 73]: 
a. UW b. HI c.SO d. BI 
1) Which word is represented by the following ASCII values taken together (85, 86]: 
a. XY b.cD c. HI d. UV 
fi) In arreal number the digits used to express the number and contribute to its precision are called: 
a, special digits b, insignificant digits. numeric digits d, significant digits 
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Hii) 


til) 


lv) 


wy) 
i) 


wi) 


Data Representation 


Images generated by mathematical equations are called: 

a. digital images —_b, vector images ¢. raster images d. math images 
Images composed of a set of digital values called picture elements or pixels are called: 
a. raster images b. vector images c. pixel images d. digital images 
ISCII stands for: 

a. Indian Special Code for Information Interchange 

b. Indian Standard Code for Input Information 

¢. Indian Standard Code for Information Interpretation 

d, Indian Standard Code for Information Interchange 

Which non-weighted binary code uses XOR operation to form the code? 

a. ASCII code b. BCD code . 2421 Code d. Gray code 
The Gray code for the binary number (101), is? 

a, 101, b. 111, c. 010 d. 110, 
EBCDIC stands for: 

a. The Extended Binary Coded Decimal Interchange Code 

b. The Extended Binary Coded Decimal Interchange Code 

c. The Extended Binary Coded Decimal Interchange Code 

d. The Extended Binary Coded Decimal Interchange Code 


Q3. Short Answer type questions: Leach 


xi) 


will) 


x4) 


What do you mean by the radix of a number system? 
What is the radix of a number system which uses the digits 0, «, B, 4, and x? 


What is the value of the operation (x - 8) of a number system which uses the digits 0, a, B, a, = 
and 8? 


What is the value of the operation (a. + B) of a number system which uses the digits 0, a, B, A, % 
and 5? 


What is the maximum difference possible between two digits of a number system which uses the 
digits 0, a, B, 2, 1, and 8? 


What is the maximum value possible using three digits for a number system which uses the digits 
0, a, B, A, x, and 8? 


How many digits are there in the hexadecimal number system? 

State one advantage of using a positional number system over a non-positional one. 

How many binary digits are used to represent an octal digit? 

How many binary digits are used to represent a hexadecimal digit? 

How many binary digits will be required to represent a digit in a number system which has a total 
of 2* digits in it? 

What are the digits used in the hexadecimal number system? 

Explain the meaning of the value 44449 with respect to the position of the digits. 

Express the binary value —10110, in 8 bit 1’s complement form. 

Express the binary value —111, in 8 bit 2's complement form. 


State one advantage of using 2's complement representation for signed binary numbers over 1's 
complement representation. 


What is the maximum and minimum value that can be obtained when adding two octal digits? 
Write the full form of BCD. 

Write the full form of EBCDIC. 

Write the full form of ASCII. 

Write the full form of ISCII. 

State one difference between vector and raster graphics. 
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xxii!) Write the extensions used for any two graphic data formats. 
xxiv) What Is the advantage of using Gray code over Excess-3 code? 
xxv) Name a self complementing binary code. 
yxvl) What do you mean by the significant digits of a floating point number? 
xxvil) How many significant digits are there in the floating point number 0.0010060040,9? 
yoxvili) What is the normalised form of the decimal number 0.000120060,9? 
xxix) State one difference between fixed and floating point number representation. 
0x) — Write the ASCII values for the alphabets ‘A’ and ‘a’. 


Q4. Long Answer type questions: s ye 
i) Convert the following from Decimal to Binary representation: 249 

a | a. (255):0 b. (1024)10 

Carry out the following subtraction using 2’s complement method: (110110), — (10110), P 


ii) Convert the following from Decimal to Binary representation: 39 
a. (513)10 b. (20459) 10 
Carry out the following subtraction using 1’s complement method: (101001), — (111100), 3 


ii) — Convert the following from Decimal to Octal representation: 242 
a. (402)10 b. (4096)10 
Carry out the following multiplication: (100111), x (1011), 3 


iv) Convert the following from Decimal to Octal representation: 242 
a. (1001),0 b. (2049),9 
Carry out the following multiplication: (101100), x (1101), 3 


v) Convert the following from Decimal to Hexadecimal representation: 242 
a. (2048)10 b. (5600) 10 
Carry out the following division: (1111011100), + (10011), 3 


vi) Convert the following from Decimal to Hexadecimal representation: 242 
a. (1024) 10 b. (6521)i9 
Carry out the following division: (1001011), + (1111), 


vii) a. Convert (1234),9 to binary. 
b. Convert (0.125), to octal. 
c. Find the value of 110110 x 1011, 


vill) a. Convert (1AB);, to decimal. 
b. Convert (0.1101101), to octal. 
c. Find the value of (1001011), + (1111), 


ix) a. Convert (COAB)). to octal. 
b. Convert (0.26)19 to hexadecimal. 
c. Find the value of (1001001001), + (1101), 


x) a. Convert (2540), to hexadecimal. 
b. Convert (0.11101), to decimal. 
c. Find the value of (100100), x (1101), 
xi) a. Convert (1001),. to decimal. 
b, Convert (0.AD);¢ to octal. 
c. Find the value of (10010), x (111). 
xil) a, Convert (265.55)49 to octal, 242 
b. Find the value of (10110), - (1101), 2 
C. Find the 1's complement of (101 100), in 8 bit form. 1 


WNN WNN WYNN WNN WHN W 


P1-3-48 94 


Rudiments of Computer Science Data Representation 


xiii) a, Convert (1A7.BD3),¢ to octal. 242 
b. Find the value of (573)g - (246), 2 
¢, Find the 1’s complement of (110011), in 8 bit form. 1 
xiv) a. Convert (456.123), to hexadecimal. 242 


b. Find the value of (A57)15 - (42D), 
c. Find the 1’s complement of (111110), in 8 bit form. 
xv) a. Convert (101101101.11110001), to octal. 2+ 
b. Find the value of (465), - (366)s 
c. Find the 1's complement of (10011), in 8 bit form. 


xvi) a. What is the value of (234), in base 10? 
b. Subtract the following using 1’s complement method; (1100111), — (1011011), 
¢c. Convert (ABCD)j¢ to octal. 

xvii) a. What is the value of (1221); in base 10? 
b. Subtract the following using 2's complement method: (1101011), — (1011111), 
c, Convert (23456), to hexadecimal. 

xviii) a. What is the value of (2112), in base 4? 
b. Subtract the following using 2's complement method: (10110100), — (11001), 


xix) a. What is the value of (333), in base 3? 
b. Subtract the following using 2's complement method: (10110100), — (11001), 


xx) a. What is the value of (2222), in base 5? 
b. Subtract the following using 1's complement method: (1011011), — (1100110), 


2 

1 

2 

2 

1 

2 

3 

2 

2 

3 

2 

4 

3 

4 

3 

4 

3 

xxi) a, Add the following: (234)s + (537)s 2 
b. Subtract the following using 2's complement method: (10110100), — (11001), 3 

c. Find the value of (ABC). in base 8. 2 

xi) a. Add the following: (110011001), + (101100110), e 
b. Subtract the following using 1's complement method: (1100101), — (1111011), 3 

c. Find the value of (0.26), in base 8. 2 

yodii) a. Add the following: (A8D).¢ + (5B8)is 2 
b, Multiply the following: (1100101), x (1101), 3 

c. Find the value of (0.11011), in base 10. 2 

xxiv) a. Add the following: (5236)s + (555)s 2 
b. Subtract the following: (10110), — (10011), 2 

c. Divide the following: 1100010000, + 1110, 3 

2 

2 

3 

2 

2 

3 

3 


xxv) a, Add the following: (AD9)16 + (DD7);6 
b. Subtract the following: (653)s — (537). 
cc. Multiply the following: 11001101, x 1011, 


xxvi) a, Add the following: (D02B):6 + (AC7)16 
b. Multiply the following: (110110), x (1011), 
¢. Divide the following: 1101101010, + 10011, 


xxvii) _ a. Find the following using 1’s complement subtraction method: (1101101)2 - (1111000), 


b. Find the value of (ABCD,EF12)s¢ in base 8 ate 
rowiil) a. Find the following using 2's complement subtraction method: (101101), — (1100110). 3 

b. Find the value of (12345.6712), in base 16 one 
xxix) a, Find the value of x in the following expression: (56)s + (1100110), = (x) +(42)10 5 


b, Multiply the following: (1010), x (101), 
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yor) 


vod) 


xxii) 


roaiii) 


a. Find the value of y in the following expression: (98)i0 + (Y)2 = (AB)is +(20)g 
b. Divide the following: 101101, + 101, 


a, Perform the floating point operation 0.1234 E-3 + 0.3456 E-2 

b. Perform the floating point operation 0.7896 E+20 - 0.5876 E+22 

c. What do you mean by significant digits of a floating point number? 

d, What do you mean by the mantissa and exponent of a floating point number? 


a. Perform the floating point operation 0.1101 x 2°4 + 0.1011 x 2” 

b. Perform the floating point operation 0.1101 x 2° - 0.1011 x 2* 

cc. Explain round-off error. 

d. What do you mean by a fixed point number? 

a. Perform the floating point operation (0.7896 E+22) + (0.5876 E+20) 

b. Perform the floating point operation (0.1021 x 10°5) x (0.9677 x 10%) 

c. What do you mean by the range and precision of a floating point number? 
d. How many significant digits are there in the number 09.000980? 


a. Perform the floating point operation (0.1101 x 2°) x (0.1001 x 2°) 
b. Perform the floating point operation (0.1101 x 2%) = (0.1011 x 24) 


c. Explain the advantage of using a floating point number over a fixed point number. 


d. What is the normalised form of the floating point number -2464.009701 x 10°? 
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ic Boolean Operations 
‘AND, NOT Operations and Truth Tables 
witching Circuit Equivalents 


lean Algebra Rules and Proof by Perfect Induction 4-3 

De‘ Morgan’s Theorems & Basic Duality of Boolean Rules 4-8 
'SOP, POS, Min Term & Max Term Expressions 411 
nonical forms of Boolean Expressions and their Complements 4-15 


4.4 Basic Boolean Operations = 


colean algebra was developed by the English mathematician George Boole. His work was based on the 
B analysis of logic and is contained in his book named “An investigation of the laws of thought on which are 
founded the Mathematical Theories of Logic and Probabilities’, published in 1854. His ideas deal with a 
mathematical analysis of logic. In Boolean algebra first a set of initial assumptions are made called 
postulates. Based on these postulates next a truth table is prepared. The table shows the relation between all 
the possible input logic possibilities and the corresponding output logic, 


A valid logical expression is denoted as TRUE and is assigned a numeric value of ‘1’. Similarly an invalid 
logical expression is denoted as FALSE and is assigned a numeric value of ‘0’. For example the statement 
“Sun rises in the West’ is logically false and hence is assigned a logical value of ‘0’. Similarly the statement 
“Water flows from a high level to a low lever’ is logically true and hence is assigned a logical value of ‘1’, | 


Thus in Boolean algebra there are only two kinds of states FALSE and TRUE that a variable can 
take and are denoted by ‘0’ and ‘1’. This is unlike normal algebra where a variable may assume a range of 


The logic we apply 


| studying digital 
values. For example in the relation y = x’, y can assume any value from 0 to +c for real values of x. | brecalchase on 
Accordingly the rules of Boolean algebra are a little different form those of traditional algebra. a definition of Truth 


But why do we need to study Boolean algebra? All modern day computers are electronic devices that are | an tll 
able to do arithmetic and logical operations. Proper electronic circuits are there in a computer to do these Aristotle (384 BC - 
operations. These logical operations are done using the two basic logic states True and False. These states | 322 BC) 
are represented in the circuit by electronic switches. The ON state of such a switch represents a true 

logic and the OFF state represents a false logic, 


The different postulates of Boolean algebra based on the two logic states True and False serve as a design | 
tool for these logic circuits. It helps to form the blueprint for the design of the logic circuits. | | The different 


|] 
Apart from the variables used to represent the logic states, there are certain basic operations that can be | s. 
performed on these variables. These basic operations include OR, AND, and the COMPLEMENT operation. | | 222'¢an 

There are other operations also, but these are various combinations of these three basic operations. | 


The following examples will make these basic operations clear and will give an understanding of how Boolean 
algebra works, Let us put down in a tabular manner the different possibilities that can arise for a person to 
sit in a bus seat where it is written “Seat for Senior Citizen OR Disable Persons”. 


From the table shown on the right we find that 


there are 4 different possibilities. If we read Jusculbiaeh Cis pOte ota ceases 


the table row-wise, we get the four possibilities. No (False,0) No (False,0) No (False,0) 

For example, we find that if a person is neither No (False,0) Yes (True 1) Yes (True,1) 
senior nor disabled, then he should not be sitting 

on that seat. This is represented in the first row of tesi(ineD). No (False,0) Yes (Tet) | | 
the table. Similarly if a person is both senior and Yes (True,1) Yes (True 1) | 


disabled then also he can use the seat. This is 
represented in the last row of the table. If the person is either senior or disabled then also he should be 
Offered the seat. These are indicated in the second and third rows of the table. 
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In the table we have indicated these 4 possibilities by a Yes or a No. We find that if 
A conditions Is satisfied, then the person Is allowed to sit In that particular seat. Note that the logic th 
spor zon yous or ‘0’ can also be used in place of a No, and the logic True or ‘1’ can be used in place of a Yes, © Fay, 
‘ ‘ 


George Boole (1815 
wi864) rae Next let us put down In a tabular manner the different 


Aristotle's logic into possibilities for a person to write using pen and paper. 

rll ag From the table shown on the right we find there are 4 
Master's student at different options. However, if both pen and paper are 
MIT, Clause present then only you can write. It is not possible to write 
Shannon, proved with only pen or with only paper or neither. Accordingly, 
that Boole's algebra | | only the last row of the table has a Yes in the output. All 


Pen Paper!) 
No (Faise,0) 
[ves (7ne.t)| Yes (74) | 


could be applied A | other outputs are No. Mornings BStrest i; 
a 


Next consider a street light. When it is morning, a street light is off 
and at night it is on. If this is put in the form of a table then what we 


get is shown on the right. 


The first example represents a logical situation 
known as OR Logic and the second example 
| represents a logical situation known as AND 
| Logic. Usually the tables are written using only 
®t ‘0's and ‘1's, representing the logic states False 
f and True respectively. The resultant tables are 


shown on the right. 
operation is True 
|Fand only fall, || The third basic operation is the complement operation. It is 
| the conditions basically the inverse of a particular logic. Thus the complement of the 


statement "The person is tall” is “The person is NOT tall”. By replacing 
| the words with the symbols ‘0’ and ‘1’ what we find from the table is 
that the output logic is the reverse of the input. 


4.2 OR, AND, NOT Operations and Truth Tables. 


The results of the above examples can be generalised and written in the form of a mathematial 
relation. This helps in easy manipulation of the results and writing complex results that involve more thn 
‘one logical operation. The results are written using symbols in a tabular manner known as a Truth Table. 
Variable names are used to represent a particular situation. For example the condition “Old Man” can te 
represented by the variable symbol A and the condition “Disabled Man” can be represented by the variable 
symbol B. The logical operations are also expressed using special symbols. 


ee * OR Logic 


OR Logic | The OR operation is denoted by the ‘+’ operator and is used to indicate a Logical 
Addition. The output of a logical OR operation is True if at least one of the 
conditions involved in the operation is True. The logical output is written as: 


C = A+B and is read as “C equals A OR B” or “C equals A plus B”. 


The truth table for a 2 variable OR operation is shown on the right. Note that for a 
logical OR operation the output is ‘0’ only when both the inputs are ‘0’, otherwise the output is ‘l’. A8 
ed |. 


ni 
Ge * AND Logic 


AND Logic | The AND operation is designated by the ‘.’ (dot) operator and Is used to indicate a 
Logical Multiplication. The output of a logical AND operation is True if and only if 
all the conditions involved in the operation are True. The logical output is written as: 


C = AB and Is read as "C equals A AND B” or “C equals A B”. 
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The truth table for a 2 variable AND operation in shown in the previous page, 
Note that the “.' Is often dropped and the expression written as C = AB, Also, for # logical AND operation the 
output Is ‘0’ If any one of the Inputs Is. a ‘0’, 


Note that logical AND has a higher priority over logical OR operation Just ag with) traditional 
multiplication and addition. Thus In an expression tf there Is both an AND and an OR operation, then the AND 
operation has to be done first. However, this priority can be changed by using brackets, 


« NOT Logic 


The NOT or complement operation Is designated by a‘ ~ ‘ (bar) placed over the varlable and 
Is used to Indicate a Logical Complement, It Is 9 unary operation |e, needs a minimum of 
one variable to act upon. The logical output Is written as; 


NOT Logla 


C = A ands read as “C Is the complement of A” 


The truth table for a single variable NOT operation |s shown on the right, Note that while writing a NOT 
operation sometimes the apostrophe mark Is also used as C = A’ which Is samaas C = A, 


4.3 Switching Circuit Equivalents 


Another area where the ideas of Boolean algebra are used Is In 
the design of switching circuits as Illustrated below. In figure 1 we A 
have two switches A & B In parallel connected to a calling 

a 


bell. V is a voltage source which drives the circult. It can be seen 
that if any one of the switches Is ON the bell will ring. Even If 
both the switches are ON then also the bell will ring. Only when 
both the switches are OFF, the bell will not ring. Thus the 
above circuit functions like OR logic with the output ON (bell 
ringing) whenever any one or both the switches are ON. 


Fig. 1; OR > 


In figure 2 the switches A & B are connected In serles, If any A 
one or both the switches are OFF the bulb will not glow. Only 
when both the switches are ON will the bulb glow, This Is 
similar to AND logic where the output Is high only when both 
inputs are high. A bed-switch operates In thls principle. Both the 
main switch and the bedside switch should be ON to put on the 
light. 


rs 


Fig. 2: AND 


Figure 3 shows the electrical equivalent of NOT logic. This Is a 
burglar alarm circuit (though not a good one) where the alarm rings 
whenever the door D is opened. When the door Is closed, the 
current maintained by the voltage source V flows through the door 
circuit with minimum resistance and no current flows through the 
alarm circuit and hence the alarm Is In an off state, When the door is opened the only path for the current Is 
through the alarm and the alarm starts ringing. For the door closed (1 state) the alarm Is OFF (0 state) and 
for the door open (0 state) the alarm Is ON (1 state). Hence the output state Is the Inverse of the Input 
‘State as in NOT operation. 


Hence we have seen that functionally the switching circults work Ike logic elements and along with 
relays, these constituted the main working logic of the computers of the twentles and thirties, 


4.4 Boolean Algebra Rules and Proof by Perfeot Induction 


As we have stated earller, logical expressions when put In a mathematical form constitute Boolean 
expressions. To simplify complex Boolean expressions several rules have been developed. The rules for a two 
element (0, 1) Boolean algebra, also known as switching algebra are given In the next page. We will first 
Prove some of the rules and then try to simplify Boolean expressions using those rules. 


To start with, remember that a NOT operation has the highest priority followed by AND and OR 
Operations, In an expression contalning multiple such operators, execute all Complement/NOT 
operations first, followed by AND operations, followed by OR operations, 
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* Boolean algebra / Switching algebra Rules 


Variables 


X+0 = 04X =X X%0=0X=0 
X+1 = 14X=1 X1=1X=X 

1 XX =X (dempotent Law) XX =X (Jdempotent Law) 
XOX = KX = 1 XX=XX=0 
X=x 
X+Y = Y+X (Commutative Law) HY =YX (Commutative Law) 

2 X4XV =X (Absorptive Law) OGY) = X (Absorptive Law) 
KM+KY =X+Y 

3 X+(Y+Z) = (X+Y)+Z (Associative Law) | %-(¥- Z) = (%-Y)Z (Associative Law) 
MY4+KZ = X(V42Z) (Distributive Law) | (K+-Y)-(K+Z) = X+Y-2 (Distributive Law) 


The above rules can be proved using truth tables. Since Boolean variables can assume only two Values ie 
0 & 1, we prove the rules to be true for these two values only. The proofs for rules of a single variable a, 
given below in a tabular form. 


0 


O+1=1 
140=1 | 10-9 


1+1=1 1.0=0 1+1=1 


11=1 


The Commutative, Associative and Distributive laws are the postulates or axioms based on whig 
Boolean algebra has been developed along with the single variable rules (other rules or laws will be prove 
using the above laws) and hence need not be proved. However the above rules can be proved by othe 
methods using Venn diagrams or by perfect induction. The student may try these methods if interested. Ty 
results of the remaining rules are unlike traditional algebra and we will prove them using the previous nis 
(these can also be proved using truth tables as above as discussed later). 


X+XY =X (1+Y) 
=X 


{since 14¥ = 1} 

© X (KEY) = XK + XY 
=X+XY 
= X(L+4Y) 
=X 


{since X.X = X} 


fsince 1+Y = 1} 


© (KY) (M4Z) = X (X42) FY (X42) 
= XX + XZ + YX +YZ 
=X +XZ + X¥ + YZ 
=X(1+Z+ Y) +¥Z 


=X4+YZ 


{since XX=X and YX=XY} 


{Since 1+A=1 and here A = Z+Y} 


© MEKY =X (14Y) + XY 
=X+XY+XY 
=X+(X+X)Y 
=X+1Y 


=X+Y 


{since 1+Y = 1} 


{since X+X = 1} 
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Example-1: Simplify the Boolean expression Y Z(XYZ+XY¥Z+XYZ) 


The expression = YZZ(X¥+XY+XY) {taking Z common} 
= YZ((X+X)¥+XyY) {as ZZ = Z& taking ¥ common} 
= YZ(1.Y+XY) {asX+X=1} 
= YZY+YZXY 
= 0+2ZXY fasYV¥=0andYY=Y¥} 
= XYZ 


Example-2: Simplify the Boolean expression AB + AB +AC+AC 
The expression = AB+AB+AC+AC 


= A(B+B)+A(C+O) {taking A and A as common} 
= A+A fasX+X=1} | 
el fasX+X=1} 


Example-3: Simplify the Boolean expression ABC +ABC+ABC+ABC 

The expression = ABC+ABC+ABC+ABC+ABC+ABC {by adding A BC to every term} 
(A+ A)BC+(B+B)AC+(C+O)AB 

BC+AC+AB {asX+X=1} 


| 
In the above example itcan be seen that we have repeatedly added the term A B C in the first step. However, | 
the value of the expression remains unchanged because of the rule X + X = X. In this case we have taken X 
as ABC, which is a term in the given expression. 

Example-4: Simplify C(A+B)+B+AC 


The expression = CA+CB+B+AC 


= AC+AC+CB+B 

= A(C+C)+CB+B 

= A(1)+CB+B fasX+X= 1} 

= A+B+BC 

= A+B+C {asX+XYV=X+¥} 


Example-5: Simplify the following Boolean expression: (X+XY+Y)(¥+YZ+Z)(2+ZX+X) 
The expression = (X+XY+Y)(¥+YZ+2Z)(2Z+ZX+X) 
= (K+Y+Y)(Y+Z4Z)(Z+X+X) {since A+AB = A+B and here A=X, Le. 
(K4XY) = KRY = [K]4]X] Y= KHY} 
= (K+1)(¥+1)(Z+1) {asA+A=1} 
= 141 {since A+1=1} 
=1 
Example-6: Simplify the following Boolean expression: (A+B)(B+C)(C+A)(BC+A) (CA+B)(AB+C) 
The expression = (A+B)(B+C)(C+A)(BC+A)(CA+B)(AB+C) 
= (A+B)(BC+A)(B+C)(CA+B)(C+A)(AB+C) {rearranging the terms} | 
= (A+B)(A+BC)(B+C)(B+CA)(C+A)(C+AB) {rearranging the terms} | 


= (A+BBC)(B+CCA)(C+AAB) {since (X+YY{X+Z)=X+YZ} 
= (A+0)(6+0)(C+0) {since X X = 0} 
= ABC 
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Example-7: Show that the Boolean expression ABC+ABC+ABC+ABC+A+B-+C Is equal to A+B+cC 
The expression = ABC + ABC + ABC + ABC +A+B+C 
= ABC+ABC+ABC+ABC+ABC+ABC+A+B+C (asX+NX=X, here X = Agcy 
= AB(C + C) + BC(A +A) + AC(B + B)+A+B4C 


= AB(1)+BC(1) +AC(1) +A+B+C fasX+X= 1} 

= AB+BC+AC+A+B+C 

= A+AB+B+BC+C+AC {rearranging the terms) 
= A(i+B)+B(1+C)+C(1+A) 

= AL+B14+C1 {since 1+X = 1} 


= A+B+C (Proved) 


Example-8: Simplify the following Boolean expression: (X+Y)(Y+Z)(Z+X) + X + YZ 


The expression = (X+Y)(Y+Z)(Z+X) + X+ YZ 
= (X+Y)(X+Z)(Y4Z) + X + YZ rearranging the term (Z+X)} 
= (X+YZ)(Y+Z) + (X + YZ) fas (A+B)(A+C)=A+BC} 
= (X+YZ) [(Y+Z) + 1] 
= (X+¥Z)-1 fasAt1=1} 
= X+YZ 


Example-9: Simplify the following Boolean expression: (A+B+C) (A+B+C) (A+B) B 
The expression = (A+B+C) (A+B+C) (A+B) B 


= [(A+B)+C)] [(A+B)+C)] (A+B) B (taking (A+B) as XT as Y,C as Z and 
= [(A+B)+CC] (A+B) B using (X+Y)(X+Z)=X+YZ } 

= (A+B) (A+B) B {as XX = 0} 

= (B+A)(B+A) B 

= (B+AA) B {a5 (X#Y)(X4Z) = X4¥Z} 

= (B+0)B fasXX = 0} 

= BB 

= 0 fasXX = Q} 


Example-10: Simplify the following Boolean expression: A + (A+B+C) (A+B+C) 
The expression = A + (A+B+C) (A+B+C) 
: A+[A+(B+C)][A+(B+C)] 
A+[A + (B+C) (B+O) ] 
A+ A+ (B+C) (B+C) 
(A +A) + (B+C) (B+C) 
1 + (B+C) (B+C) fasx+X= 13 
= 4 {as 1+X=1, and X = (B+C) (B+O)} 


tepplying the rule (X+Y)\(X+Z)=X+YZ} 


Mm 


‘Example-11: Simplify the Boolean expression A(A+B+C)(A+B+C)(A+B+C)(A+B+C) 

The expression = A(A+B+C)(A+B+C)(A+B+C)(A+B+C)(A+B+C)(A+B+C) {since XX = X and 
A[(A+B+C)(A+B+C)] [(A+B+C)(A+B+C)] [(A+B+C)(A+B+C)] here X=(A+B+C)} 
A[(B+C+A)(B+C+A)] [(A+C+B)(A+C+B)] [(A+B+C)(A+B+C)] {After rearranging} 
A[{(B+C)+A}{(B+C)+A}] [{(A+C)+B}{(A+C)+B}] [{(A+B)+C}{(A+B)+C}] 
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= A[(B+C)+AA] ((A+C)+B B] [(A+B)+CC] {Since (X+Y)(X4Z)=X+¥Z) 


= A[(B+C)+0] [(A+C)+0] [(A+B)+0] {since X X = 0} 

= A(B+C) (A+C) (A+B) 

= A (A+C) (A+B) (B+C) {rearranging} 

= A(A+BC) (B+C) {since (X+Y)IX4Z)=X+¥2} 
= (AA+ABC) (B+C) 

= (A+ABC) (B+C) {since XX = X} 

= A(1+BC) (BHC) 

= A(B+C) {since 14+X = 1} 


e Proof using Perfect Induction method 


To prove the equivalence of the two sides of a Boolean expression, apart from the algebraic proof, there is 
another method called proof by perfect induction. It uses the truth table of a Boolean expression. 


The different values that a particular Boolean variable can assume are put in a tabular manner. Then each 
term in the expression is evaluated for each value of the variable on both sides of the equal sign. If the final 
results or values on either side of the equal sign are identical, then the expressions are said to be equal. In 
this method every term in the relation needs to be evaluated step by step to get the final outputs on 
the either side. The following examples will make the method clear. 


Example-12: Prove by the method of perfect induction: X+X Y = X+Y 


In the table shown on the left, columns 1 and 2 contain the different 
combination of values that the variables X and Y can take. For two 
variables, there will be 22=4 combinations as shown in the table, 


Columns 3 and 4 generate the different terms in the left side of the 
expression. Column 5 generates the expression in the left hand side 
of the equal sign by combining the terms from columns 3 and 4. 


sign. 

From the columns 5 and 6 we find that both the columns are 
identical in value. Hence the expression is proved to be true for all the combinations of X and Y, by perfect 
induction. 


Example-13: Prove by the method of perfect induction: X Y(KYZ+X¥Z+Z)=XYZ 


MIY|Z)X|¥ [Z| X¥ |XvZ|xX¥Z| Xv Z+x¥Z4+Z | Xv(KYZ+XYZ+Z)| xvZ 
O}Ojo;1;1/1] 0 | o 0 1 0 0 
Olo;1t/ifilo}| o |} o 0 0 0 C) 
Ol1ljo/ilo]1i] o 1 0 1 0 0 
Olajalifoflo}| o] o 0 0 0 0 
1jojojojif{i] o | o 1 1 0 0 
1jolzjo;ifo] o | o 0 ) 0 ) 
1j1lo;o;oji{ 1] o 0 1 1 1 
A}ijifofojo}] 1] o 0 0 0 0 


From the above table we see that columns 11 & 12 are identical and hence the relation is proved. 


The above example involves a proof involving three variables. Thus the columns 1, 2, and 3 give all the 


Possible combinations of the three variables X, Y, and Z. We can follow a simple method to write the 
combinations properly. 


Column 6 finally generates the term on the right hand of the equal | 
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In general if we have 'n’ number of variables, then the total number of combinations will be 2”. In OUT ty 

n=3. Therefore we have a total of 2°=8 combinations. Of these, the first column will have (8/2)=4 Ler, 

followed by 4 ones. The second column will have (8/4)=2 zeroes followed by 2 ones. The third Colusne, 3 
| have (8/8)=1 zero followed by 1 one. Therefore if we have 4 variables (i.e. n=4) then the total combinatyy 
| will be 24=16, of which the first column will have (16/2)=8 zeroes followed by 8 ones and so forth. . 


| © Switching Circuit Simplification 


Switching The following examples are based on switching circuits that we had discussed in section 4.3, that deat Wee 
Circuit | Combination of switches In series or in parallel. The examples show how the final logical output of Such 5 
Simplification | Grouit can be derived by simplifying the circuit operation in a stepwise manner. 


Example-14: Find the output of the following switching circuit between the terminals x and y: 


| The method of finding the final output is shown in the diagrams above. From the first diagram we find the, 
| the switches B and C are in series and hence indicates an AND operation. The secon: 

| simplified version of the first with the two switches B and C being replaced by a single switch BC indicatirg 
| the AND operation. Next we find that the switches A and BC are in parallel and hence indicates an OR 
| operation. Therefore in the third figure, the switches have been replaced by a single switch (A+BQ) 
| indicating the OR operation between A and BC. Finally, the switches (A+BC) and D being in series, z- 
| replaced by an AND operation as shown in the final figure to derive at the final output as: F = (A+BC) D 


id diagram is 


Example-15: Simplify the circuit between the terminals x and y and derive at a simplified circuit. 


103) AtBC+B 


a ba (A+BC+B) A 
AQ @o/S G 
ve)“ 4_() KISH Y) 


In the above circuit, the terms A and B represent closed switches corresponding to the open switches A and 
B. The final output can be simplified to get the result: 


| F = (A+BC+B)A 

= (A+B+C)A {Since X+X Y = X+Y, and X = Bhere} 
= AA+AB+CA 

= AB+CA 

= A(B+C) 


The simplified circuit is shown on the right. The parallel switches C and B indicate the OR operation (B+C) 
and the series switch A indicates the AND operation A(B +C) between A and (B+C). 


ee 4.5 De’ Mo 


De toon The expressions that we have worked with so far, had complemented variables like A, B, C, etc. But there 
COrems | were no expressions were the complement was applied on an expression like A (B + C), which involve a set 
| Of Boolean variables and operations. In case such an expression needs to be simplified, we need to remove 


| the outer complement, Removing the outer complement can be done using a set of theorems called the De’ 
| Morgan's theorems, 


in’s Theorems & Basic Duality of Boolean Rules 


De’ Morgan’s theorems give us the equivalent expressions for the complement of the logical sum 
or logical product of two Boolean varlables or expressions. They state that: 
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» Sum Theorem: The complement of the logical sum of two 
product of the individual complements of the variables. 
Thus X+Y =X-Y, ingenera, WHX+V4Z2+..=W-X-¥-Z.. 


variables X and Y is equal to the logical 


« Product Theorem: The complement of the logical product of two variables X and Y is equal to the 
logical sum of the individual complements of the variables. 


Thus X-Y=X +, in general, W-X-Y-Z- =W4+#X+VtZeu, 


The steps involved in getting the right side of each expression are: 


1. Remove the complement 

2, Replace the ‘+’ symbols with *-’ symbols, and the *.' symbols with ‘+’ symbols 

3. Complement each variable of the expression 
To evaluate an expression that contains a combination of ‘+’ (OR) and “’ (AND) operations, remember that 
the AND operation has a higher priority over an OR operation. This means that all AND operations in 


an expression are to be evaluated first, before evaluating any OR operation. If this rule is not followed, you 
will get an incorrect result. The following example will explain the point. 


Example-16: Simplify the expression: XY + Z 
The expression = XY-Z = (X+Y)-Z = X2+Y2Z 


In the above expression we have taken into account the priority of the AND operation over the OR operation 
while removing the complement for the AND term X Y in XY-Z. The term was placed within a pair of 


brackets to get (X+Y) - Z. If the brackets are not given then the result would be X+Y-Z, which is wrong. 


« Proof of De Morgan’s Theorems 


The De Morgan's theorems can be proved using the perfect induction method or by using algebraic 
method. Let us first prove the theorems using the Perfect Induction method. 

The truth table shown on the 
right is prepared taking into 
account all the terms involved in 
the above theorems. From the 
truth table, we find that columns 
6 and 7 are identical, hence 
proving the first theorem and also 
columns 9 and 10 are 
identical, thereby proving the 
second theorem, 


To prove the theorems using the algebraic method, we will consider the two fundamental properties of any 
Boolean variable Ai.e. A+A=1 and A-A=0 


Using the above fundamental properties we can write: 
© Q&+Y) + K+¥) = 1 and (X+Y)- KFY) = 0 (i) [If we take A = (X+Y) ] 
© OY) + (KY) =1 and &Y)- Ky) =0 (ii) [If we take A = (X.Y) ] 


If (X4Y¥) = XY, and (CY) = X+Y, as stated by De Morgan's theorems are true, then we can replace (FY) by 
XY in (i) and (€Y) by X+Y in (ii) and still get the same results for the fundamental properties. 


+. to prove the first theorem we need to show (X+Y)+X-Y=1 and (X+Y)X-Y=0 [Replacing (X+Y) by X-Y ] 


To show (X+Y) + X-Y = 1 
LHS. = (X+Y) + KY 


=X+XY+¥ [As A+AB= A+B] 
=X+V4+y [As AtA=1] 
=X+1 [As At1=1] 
=1=RHS 


ay 


Statements of 
De’ Morgan's 
Theorems 


E —_&- i 


|\X+Y=x0Y 


ft Theorem 
|XDY=SX+7¥ 


ixed Bool 


expression: 
XYZ =X-ZY-Z 


a 


Perfect Induction 
proof of 

De’ Morgan’s 
Theorems 


a 


Algebraic 
Method proof of 
De’ Morgan's 
Theorems 
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a8 ee { 
To prove the second theorem we need to show (X-Y)+(X+Y)=1 and (X:Y)-(X+Y)=0 [Replacing (XY) by Xy, ; 
To show (X-Y) + (X+¥) = 1 


To show (X-Y) - (X+¥) = 0 


LHS. = OGY) + (X+Y) 
XV-K + XY , 
A+AB = A+B XY +X%Y-Y [As AA=0] | 
| = ai : OY +X-0 [As OA=0] 
| = [As AtA=1] =0+0 | 
=1=RHS [As At1=1] =0=RHS 


ed + The Principle of Duality 


Principle of | De Morgan's theorems indicate a basic duality in any Boolean expression. To put in another wa 
Duality 


Y, it 
Boolean expression can be proved to be true then, its pair or dual obtained by complementing the exe 
and using the above theorems to simplify them, will also be true and need not be proved ‘Separately. This 
because each AND operation has its equivalent OR operation and vice versa. These are equivalent by vi 
the above theorems. All Boolean expressions therefore can have more than one type of representation ig 
are equivalent statements and proving one statement automatically establishes it’s dual. 


All the Boolean algebra rules show this duality i.e. the product rules can be derived from the s 


uM Ful 
To make the idea clear let us take any two rules, apply the above theorem and find out what we get. ie 


To find the dual of X+1 = 1 


To find the dual of X+X = X (Idempotent Law) 


X+1=1 X+X =X 
* X+1=T1 (complementing both sides) “, X+X =X (complementing both sides) 
OrX-I =0 (applying De Morgan's theorem) Or X-X X (applying De Morgan's theorem) 
OrY-0 =0 


(replacing X by Y) Or Y-Y =Y (replacing X by Y) 
The above result is same as the Product rule X.0=0 | The above result shows that the rules X+X=K and 
and hence is the dual of X+1=1 X-X=X are the duals of each other 


There is a sim 


pler rule of finding the dual of an expression. To find the dual, replace an AND ‘operation with 
OR, and an O} 


R operation with AND. Next replace a ‘0’ by ‘1’ and a ‘1’ by ‘O‘i.e. by their complement. 
Therefore the dual of X-+1=1 will be X-0=0 [by replacing OR by AND, and 1 by 0}. 

Similarly the dual of X+X=X will be simply X-X=X [by replacing the OR symbol by the AND symbol]. 
The dual of (K+Y)-(4+Z)=X-+Y-Z will be (XY)+(XZ)=X-(V+Z) Le. KV+XZ=X(¥+Z) 


REMEMBER: While using this method keep in mind the priority of the AND operation and put all AND terms 
within brackets before you apply the rules, Otherwise you may get a wrong result as indicated in Example-16. 


Example-17; Find the complement of the following Boolean expression: XY Z+XY2Z+Z 
The complement of the expression = KYZ+XYZ+Z 


$ {Using De Morgan's Theorem} 

K {Using De Morgan's Theorem} 

= (X+Y¥+Z)-(K+YV4Z)-Z 

= [Z+K+Y]-[Z+K+Y)]-Z 

= [Z+(X+Y)K+Y)]-Z {Using rule (A+B)(A+C)=A+BC} 
= [2+ (XX+XV+YX+Yy)]-z 

= (Z+0+XV+X¥+0)-Z 
= ZZ+XYZ+XYZ 

= Z+XYZ+X¥Z 

= Z(1+XY4+XY¥)=Z 


tAs (1+A) = 1} 
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The above problem can also be simplified by simplifying the un-complemented expression first and then 
complementing the result as shown below: 
The un-complemented expression = XYZ+XYZ 


z 
= ((XY¥+XY)+1]-Z2 =Z 


The complement of the expression = Z =Z {Same result as above} 


Example-18: Find the complement of the following Boolean expression: X Y + XY 
The complement of the expression = KY +XY 

= &Y)-K¥) 

= (K+Y)-(+¥) 

= (X+Y):(K+Y) 

= (XX+XY+V¥X+VY) 

= O+XY+YX+0 

= XY+XY 


Example-19: Simplify the following expression: AB CD 
The expression 


ABC+D {removing the outer bar using De Morgan's theorem} 
= ABC+D {since X = x} 
= (A+B)C+D fapplying De Morgan's theorem} 
= AC+BC+D — {removing the brackets} 
Example-20: Simplify the following expression: (K+Y + Y) (XY) 
The expression = (X-Y¥+Y)(X-Y) 
= (K-¥+yY)(x-¥) 
= XYXY+YXxY 
= 0+0 
0 


Example-21: Simplify the following expression: (X + Y) - (¥ Z + X) 
The expression = (X-Y):(¥+Z-X] 

= X¥[(¥+Z)-x] 

= X¥[(¥+2x] 

= X¥(YX+2x) 

= XYYX+XY2ZX 

= 0+XYZ 

= XYZ 


4.6 SOP, POS, Min Term & Max Term Expressions 


To design a logic circuit we have to first derive at a logical mathematical expression from which the 
Circuit is designed. The logical expression is derived from the available inputs and the nature of the problem. 
Based on the type of the problem, a truth table Is constructed with the available inputs. From the truth 
table using proper techniques that we will learn now, the desired expression is derived. An example will make 
the idea clear and help us learn the technique used. 


Let us consider the process of admission in a college for students. A particular college has set up the 
criteria that a student has to score a minimum of 75% in any two of the subjects consisting of Physics, 
Chemistry, and Maths to get qualified for admission. 


a 


SOP and POS 
expressions 
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i i and 2 bulb 
The college has a hypathetical machine which has three buttons for input t 
which glows as an output. The picture of the machine is shown to the right. An ow 
switch corresponds to the fact that a student has secured a minimum of 75% tnarks in 
that subject and an ‘OFF’ switch corresponds to the fact that the student has got less than 
75% marks, 


The different possibilities under which the bulb can glow are 
shown on the right. The bulb glows if a student gets 75% in Physics 
and Chemistry, OR gets 75% in Chemistry and Maths, OR gets 75% in 
Physics and Maths, OR gets 75% in all the subjects. For all other 
conditions, the bulb will not glow. 


Our aim Is to design a circuit which when placed inside the box and 
connected to the switches, will make the bulb glow as per the 
above conditions, For this we take 4 Boolean variables P, C, M and A 
and construct a truth table satisfying the above condition, such that: 


P=0 _ indicates marks in Physics <75% P=1__ indicates marks in Physics >=75% 
C=0 indicates marks in Chemistry <75% c= indicates marks in Chemistry >=75% 
M=0_ indicates marks in Maths <75% M = 1. indicates marks in Maths >=75% 


A=0 Indicates not satisfied any criteria A= indicates satisfied any one of the criteria 


In the truth table shown on the right, columns 
1, 2 and 3 Indicate the different combinations 
of marks that a student can get. Column 4 
tepresents the condition that a student has 
qualified for the admission criteria A. 
Whenever the condition is satisfied, A is 
assigned a value of 1. 


As per the problem, the condition is satisfied 
for (P,CM] = [0,11], [1,0,1], [1,1,0], & 
[1,1,1] (Indicated by the rows 4, 6, 7, and 8). 
Column 6 Is the ‘min-term’ column. To 
construct an SOP expression: 


« First type the product of the variables 
(P-C-M) in all cells in the min-term column 


Next complement the variables which have a value ‘0’ in the P, C, M, columns Corresponding tp 
that row. 


For example in the third row [P,C,M] = [0,1,0]. Accordingly, since P=M=0, we put a bar over P and 
fespectively to make them 1 and get the min term as P C M. Similarly for the sixth row [P,C,M] = [10,1] 


and hence the min term is P € M, as only the variable C has a value of ‘0’. Similarly we fill the rest of tre 
cells in column 6, 


The aim is to make the product of the variables in each min-term equal to 1 for that row. 


* Finally select only those min-terms which have a value of ‘1’ in the output column ‘A’ (indicatst 
by the shaded cells in column 6) and add them to get the final SOP result. 


Hence in this case the final result will be: 
A=PCM+PCM+PCM+PCM 


| This is the required expression which satisfies all the conditions of our problem. To test its validity, simply put 


@ combination of PCM in the expression and find what the output becomes. 
For [P,C,M] = [1,0,0]wehaveA = PCM+PCM+PCM+PCM 
= 100+100+100+100 


= 00-0 + 1-10 + 1.0-1 + 1.0.0 {as 1=0 and 0=1} 
= 04+0+0+0 


= 0 _ asis evident from row 5 of the truth table. 
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For [P,GM) = [1,01] wehaveA = PCM+PCM+PCM+PCM 
= To1+1014+101+101 
= O01 + L114 1.0.0 + 10-4 
= OF1+0+0 
= 1 as|s evident from row 6 of the truth table, 


The above result A is known as the Sum Of Products or SOP form of output. The general rule to 
form an SOP expression Is as follows: Wherever the desired output Is 1, take the min-terms for 
those outputs and logically add those min-terms to gat the final result, 


Each min-term can also be represented by a compact notation as shown in column 7 of the above table, 
with the letter 'm’ followed by an index. Note that the index starts from the value ‘0’ and goes up to ‘7’ for the 
eight min-terms. The index value basically corresponds to the decimal equivalent of the binary 
number formed by the variables. For example, for [P,C,M] = [1,0,1], the min-term is ms, as the binary value 
(101)2 = (5):0. 


Using the above notation, the expression A can be written as: 


A = BCM+PCM+PCM+PCM 
Mg + Ms + M5 + M7 
(3, 5, 6, 7) where the symbol £ Is used to Indicate a summation operation. 


Example-22: Find the SOP expression for the logic given by the following truth table: 


min terms: Suppose for a particular problem we get a truth table as shown in the 
a figure on the left, where X, Y, Z are three variables and R is the 
output column. 


To get the Boolean expression for the result ‘R’, we simply write the 
min-terms for those combinations where the value of R is ‘1’. The 
other terms need not be written as those will not be used in the final 
expression. The required output is given by: 
R = XYZ4+XYZ+XYZ+XYZ 

= Mo tm; +m4+ m7 = 20, 3, 4, 7) 


If required, one can also simplify the above result and get: 
YZ+XYZ+XYZ+XYZ 

YZ+XYZ+XYZ4+XYZ = (KK+X)VZ+ K+XYZ = ¥Z+YZ 

There is another method for forming a Boolean expression satisfying a logic table, known as the 
Product Of Sums or POS method. The method is explained below with the help of an example. 


Let Us consider the previous problem Of  ummusmm : 
admission to a college based on the marks in BURT) E : 5 : 
Physics, Chemistry, and Maths. vache Condition || Sum/Max < «Maxterm 


In finding the POS expression Column 6 now fia ps a pe 
becomes the ‘max-term’ column. To | PeCHM | 

construct this column, first type the sum of P+C+M. | 
the variables P+C+M in all cells. Next put a 
bar over the variables which have a 
value ‘1’ in the P C M column corresponding 
to that row. For example [P,C,M] = [0,1,0] in 
the third row. Accordingly, since C=1, we put 
a bar over C to make it 0 and make the Max 
term as P+C+M i.e. 0. Similarly for the sixth 
row [P,C,M] = [1,0,1] and hence the Max term 
is P+C+M, as the variables P and M have a 
value of ‘1’, In this way we construct the rest of the cells In column 6. We are basically making the sum of 
the variables in each max-term equal to 0 for that row. 


x 
Xx 
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Finally select only those max-terms which have a value of ‘0’ in the output column ‘A’ (indica 


the coloured highlighted cells in column 6) and multiply them to get the final result. Hence in this case 4 
final result will be: 4 


A= (P+C+M) (P+C+M) (P+C+M) (P+C+M) 


This is the required expression which satisfies all the conditions of our problem. To test its validity, simply 
a combination of P,C,M in the expression and find what the output becomes. Dy 


For [P,C,M] = [1,0,0] we have A = (P+C+M) (P+C+M) (P-+C+M) (P+C+M) 
= (1+0+0) (1+0+5) (1+0+0) (1+0+0) 


= (14040) (1+0+1) (1+1+0) (0+0+0) fas 1=0 and 0=1} 
= 1.1.1.0 


= 0 asis evident from row 5 of the truth table. 
For [P,C,M] = [1,0,1] we have A = (P+C+M) (P+C+M) (P+C+M) (P+C+M) 
= (14041) (1+0+1) (1+0+1) (1+0+1) 


= (1+0+1) (1+0+0) (14+1+1) (0+0+1) {as 1=0 and 0=1} 
cm) Ee Urey | 


= 1 asis evident from row 6 of the truth table. 


A POS expressio 


vo The above result P is known as the Product Of Sums or POS form of output. The 
form a PO8 expression is as follows: Wherever the desired output is 0, take the 


general rule 4, 
Max-terms fey 


Rule for POS 


those outputs and multiply those Max-terms to get the final result. 


Each max-term can also be represented by a compact notation as shown in column 7 of the above 


tat 

with the letter ‘M’ followed by an index, Note that the index starts from the value ‘0’ and goes up to'7’ tore 
eight Max-terms, Using the above notation, the expression ‘A’ can be written as: 
A = (P+C+M) (P+C+M) (P+C-+M) (P+C+M) 

= Mo-Mi-M2-M4 

= IT(O, 1, 2,4) where the symbol IT is used to indicate a product operation. 
Example-23: Let us find out the = 
desired expression for the condition 5 u 8 


that the output in a circuit will be ‘1’ 7 Condition: | Sum/Max Min term 
whenever the binary combination of 2 Satisfied 
its 3 inputs gives a prime number. 


The truth table for the above logic 
function realisation is shown on the 
right. Column 1 gives the decimal 
values of the corresponding binary 
number in columns 2, 3, and 4. For 
example the decimal number 3 is 
written beside the binary combination 
(011)2 = (3)1o. 

The range of values possible using 3 
binary digits is 0 to 7 as shown in 
Column 1. The prime numbers within this range are 2, 3, 5, and 7. Accordingly output column ‘P’ has 
Values of ‘1’ corresponding to these values only. 

Column 7 is the max-term column. We have taken only those max terms for which the output value is 0. 
Finally we have selected only those Max terms and multiplied them to get the final POS result as: 


P = (A+B+C) (A+B+C) (A+B+C) (A+B+C) 


This is the required expression which satisfies all the conditions of our problem. The compact notation for this 
expression will be: 
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(A+B+C) (A+B+C) (A+B+C) (A+B+C) 
Mo- Mi - Mq- Me 
11 (0, 1, 4, 6) 


P 


moon 


Example-24: Find the POS expression for the logic given by the following truth table: 


Suppose for a particular problem we get a truth table as shown in the 
Max terms figure on the left, where A, B, C are the three variables and R is the 
output column. 


To get the Boolean expression for the result ‘R’, we simply write 
the max-terms for those combinations where the value of R is ‘0’. 
The others need not be written as those will not be used in the final | 
expression. The required output is given by: 


R_ = (A+B+C) (A+B+C) (A+B+C) 
= Mi-M3-Ms = IT(1, 3, 5) 
If required, one can also simplify the above result. 


4.7 Canonical forms of Boolean Expressions and their Compleme yy 


When a Boolean expression in the SOP form has product terms each of which contains all the variables | Canonical form 
(either in complemented or in non-complemented form) then the expression is called a Canonical SOP. | of Boolean 
Similarly if a Boolean expression in the POS form contain sum terms each containing all the variables (either | expressions 

in complemented or in non-complemented form) then the expression is called a Canonical POS. In short a 
Boolean expression containing only full min terms or full max terms is called a standard or 
canonical form of expression. The following examples will make the nomenclatures clear for 3 variable 
problems. 


eo R=XYZ+XYZ+XYZ+XYZ — Canonical SOP as each term contains all the variables X,Y,Z 


KlolRPlolelo|—|o Is) 


© R=YZ+XZ+XYZ — Non-Canonical SOP as X,Y,Z are not present in all the terms | 
e R3=(A+B+C) (A+B+C) (A+B+C) > Canonical POS as each term contains all the variables A,B,C 

e  R4= (At+C) (A+B+C) (B+) — Non-Canonical POS as A,B,C are not present in all the terms 

¢ Rs5=AB+(A+B+C) (B+C) — Non-Canonical expression as there are mixed terms 


The importance of Canonical forms lies in the fact that a Canonical SOP or POS Boolean expression can also | 
be written in a more compact form using the = or I notations as we have seen in the last section. 


Thus the expressions Ri and R3 can be written using the compact notation as: 
Ri=XYZ+XYZ4+XYZ+XYZ= mo + ms + m4 + Me = LO, 3, 4, 6) 

Rs = (A+B+C) (A+B+C) (A+B+C) = Mo- Mi - Mz = IT (0, 1, 3) 

Being non-Canonical in nature, this type of notation is not possible for the expressions Ro, Re and Rs. 
The complement of canonical expressions 


can also be obtained in a simple manner 
(without using De Morgan’s theorems). 


Consider the truth table shown on the right. 
By observing the min and Max term columns 
you will find that each Max-term is the 
complement of the corresponding min- 
term in the same row. For example: 


Mm; = ABC = A+B+C = A+B+C = M 


Using the min-terms the output R for the 
above truth table can be written as: 


minterms Mi. Maxterms M; 


B 
0 
0 
1 
1 
0 
0 
1 
1 
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R=ABC+ABC+ABC+ABC= mo + m3 + m4 + m= (0,3, 4, 7) 


ThereforeR = ABC+ABC+ABC+ABC 

ABC:ABC:ABC-ABC [using De Morgan's theorem} 

Mo * Mig - Mig + Ty 

Mo+M3+Mq+ My [as complement of a min term is a Max termy 
110, 3, 4, 7) 


A canonical expression can also be easily converted from its SOP to POS form and vice versa 
the expression of R from the previous table, it can be seen that R can be written in 2 ways, viz, Ay 
R=ABC+ABC+ABC+ABC= imo +my+my+ m= (0, 3,4, 7) and 

R = (A+B+C).(A+B+C).(A+B+C).(A+B4C) = My- Mp Ms- Mg = IT (1, 2, 5, 6) 

ie R=5(0,3,4,7)=0 (1, 2, 5, 6) 


Tt can be easily seen from the above relation that out of the total index values from 0 to 7, the ma; 
indices contain those values that are not there in the min term indices and vice versa, Hence ten 
expression can easily be converted to its POS form and vice versa by simply noting the index Values 
following example will make the idea clear. n 


Example-25: Change the following canonical SOP expression to its POS form: A B C + ABC+ABc 
ExpressionR =ABC+ABC+ABC 
= Ms + Ms + m3 
= (3, 5,6) 
=1(G, 1, 2, 4,7) fas these indices are not present in the SOP expression} 
=Mo* Mi: Ma-Mg» Mz = (A+B+C)(A+B+C)(A+B+C)(A+B+C)(A+B+C) 
Change the following canonical POS expression to SOP form: (A+B+C)(A+B+C\(A+BsG 
ExpressionR = (A+B+C)(A+B+C)(A+B+0) 
=Ms-Mz-M: = IT (1,2,5) 
= (0, 3, 4, 6,7) {as these indices are not present in the POS expression} 
=Mo+M3+M4+ms+my = ABC+ABC+ABC+ABC+ABC 


ee * Converting from ¥ or II notation to Canonical Form 


Converting from | In the absence of a truth table the min and max terms can be calculated directly from the © or 11 notation 
+ orl form to | as shown below. Remember that for a 3 variable problem (e.g. A,B,C) the min term index will be from 0 
Canonical form | 7, and for a 4 variable Problem (e.g. A,B,C,D) the min term index will be from 0 to 15. 


First get the binary equivalent of a min term index Present in the = notation. To do this represent ead 
decimal digit index as a combination of 4, 2, and 1 for a three variable Problem, Similarly for a fou 
Variable problem, represent each decimal index digit as a combination of 8, 4, 2, and 1. 


Next put a ‘1’ in place of the above digits (4,2,1 or 8,4,2,1) that are present in the combination and ‘in 
Place of the above digits those are not present in the combination. The chart below will clarify the point. 


Example-26: 


421 
O= 0+0+0 +0 00 
1= 04+0+1 +001 
2= 0+2+0 +010 
3= 0#241 4-011 
4= 44010 +10 0 
5= 44041 +101 
6= 44240 +1 10 
7= 44241 4111 4 
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For ma We have the index as 4, which is written as 4+0+0 — 10.0 (as 4 Is present and 2, 1 are absent) 


We know that a min term is forcibly made equal to 1. Thus for the combination [1 0 0] convert the two 0's to 
1 by taking the complement of those values. Therefore for a three variable logical problem the 
corresponding min term for m4 will be A BC | 


Similarly for the min term me, we have the index 6, which can be written as 4+0+2 > 101 | 
Therefore the 3 variable min term corresponding to me will be A BC | 
Note that we have put a bar over those variables which correspond to a 0. 

For a 4 variable min term ms, the index 9 can be written as 8+0+0+1 1001 | 
Therefore the 4 variable min term corresponding to ms will be ABCD 


Next to calculate the max term from the [1 notation we will use a similar process to get the binary 
equivalent of the max term index. After that we have to forcibly make the sum of the variables equal to 
0. The following examples will clarify the process. 


For Mg we have the index as 4, which is written as 4+0+0 — 100 (as 4 is present and 2, 1 are absent) 


Thus for the combination [1 0 0] convert the 1to 0 by taking the complement of that value to make the 
sum equal to 0, Therefore for a three variable logical problem the corresponding max term for Mg will be 
A+B+C 


For a 4 variable max term Mo, the index 9 can be written as 8+0+0+1 > 1001 
Therefore the 4 varlable max term corresponding to Ms will be A+B+C+D | 


« Converting non-canonical SOP expression to its canonical form ay 


A non-canonical expression can be converted to a canonical form also. Te convert a non-canonical SOP to | Canonical SOP 
its canonical form the following steps are to be followed: | form of Boolean 
| 


1. Multiply the non-canonical term with an expression of the form (X+X) [since its value is equal to 1, the | °*Pres 
term remains unchanged after multiplication], 


2. The multiplier is chosen in such a manner that it contains that variable which is not present in the | 
original term. 


3. The process is repeated until each term is converted to its canonical form. 


Example-27: Convert to its canonical form the expression: f(X,Y) =X +Y 


expression of the 
This is a function with 2 variables. Therefore in the first term Y is missing and in the second term X is missing. | form (X+X), 
Hence we have to multiply the first term by (Y+Y) and the second term by (X+X) where X is the 


Expression = X (Y+Y) + ¥(X+X) missing variable 


= KY+XV+YX+Y¥ 


x 
= KY+XYV+XV+XY {rearranging the terms} 
= XY+XYV+XY {eliminating repeating terms since A+A=A} 
= m+Mo+ m2 
= £(0,1,2) 
Example-28: Convert to its canonical form the expression: f(X,Y,Z) =XY¥+Z+XYZ 


In the first term we find that Z is missing. Therefore we have to multiply the first term by (Z+Z). Similarly in | 
the second term both X and Y are missing. Therefore we have to multiply the second term by (X+X) and | 
(¥+Y) one by one. 


Expression = XY¥+Z4+XYZ 
XY (Z+Z) + Z (X+X) (Y+¥) + XYZ 
OXYZ+XYZ+Z(XY+XV+ KV EX) 4 XYZ | 
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= XYZ+#XVZ+2XV+ZXV+ZKV + 2X V4XKYZ 


= XYZ+#XYZ+XYZ+XVZ4+KVZ+KVZ+XYZ {rearranging the terms; 
= XYZ+XYZ+XYZ4+XYZ+XYZ {eliminating repeating terms since A+A=A} 
= Ms + me + me + m2 + Mo 

= 2 (0,2, 4,5, 6) 


« Converting non-canonical POS expression to its canonical form 


To convert a non-canonical POS to its canonical form the following steps are to be followed. 


1, Add to the non-canonical term an expression of the form X X (since its value is equal to 0, te 
expression remains unchanged after addition). ' 


2. Apply the distributive rule X+YZ = (X+Y)(X+Z) 
3. The process is repeated until each term is converted to its canonical form. 


Example-29: Convert to its canonical form the expression: f(X,Y) = X ¥ 


There are 2 terms in the POS expression above. The first is X and the second one is Y, Therefore we find tha 
the variable Y is missing from the first term and the variable X is missing from the second term. Therefore y, 
need to add Y Y in the first term and X X in the second term. \ 


XY 
= (K+YY¥)(¥+XX) 
= (K+ YK+¥) + XNV+H) {applying the rule AFBC = (AtBXA+C)} 
= (K+ YK + ¥) (K+ YY HY) {rearranging the terms} 
= (K+Y)K+Y)(X+Y) {removing the repeating terms as AA=A} 
= Mo: M3-M. 
= M(1, 2,3) 

Example-30: Convert to its canonical form the expression: f(X,Y) = Z (X+Y)(X+Y+Z) 

Let us take each term separately and convert each to its canonical form. 


Expression 


Term: Z =Z+XX adding the missing X variable} 
=(Z+X\(Z+X) {since A+BC = (A+BYA+C}} 
=(Z+X+YY)(Z+X+YY) {adding the missing Y variable in each term} 
=[(Z+X)+YV][(Z+X)+YY] 


=([Z+X)+Y][(Z+X) + VIL(Z+X + VIL(Z+X +] 
=(Z+X+Y)(Z4X+V)(Z4X+YV)(Z4+X4+Y) 
=(X+V+Z)(X+V4Z)(X+V+Z)(X+V+Z) {rearranging the terms} 


Note that for the expression (Z + X + Y Y) we have taken the term (Z + X) as A, Y as B and Y as C for thee 
distributive law A+BC = (A+B)(A+C), 


Term: (X+¥) = (X+Y)+ZZ 
=[XK+Y)+Z12(%+Y +#Z] 
=(X+¥4+Z)(X+¥+Z) 
Therefore the Canonical Expression is equal to the product of the above terms: 
Expression = ( X+Y4Z) ( X+Y+Z) ( X+Y¥+Z ) ( K+V+2Z ) ( X+¥+Z ) (X+V4Z ) (K+¥+Z) 
= (X+¥4Z) (X+Y+Z) ( X+Y¥+4Z ) ( K+¥4Z) (X+¥+Z) {removing repeating terms} 
= Mi+M3*Ms*M7+ M2 
= 11 (1,2, 3, 5, 7) 
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4.8 Techniques for Simplification: Using Karnauigh M: 


aa 


a 


Simmolifi 


When the number of variables is more than three then it usually becomes difficult to form or simplify the 
necessary SOP expression. In such cases other methods are employed to find the result. One such method is _ 
a graphical one and is called the Karnaugh Map or K’ Map method. It uses the rule A+A = 1, repeatedly | 
to solve or simplify an expression. | 

| 
« Karnaugh Map for expressions with 2 variables: | 


The right side figure shows the Karnaugh Map representation of min-terms for 
two variables X & Y. The different X values are written in the first row and the 
different Y values are written in the first column. Each cell at the intersection of a 
row and a column correspond to the min-term formed by the product of the X & Y 
terms in that row and column. 


For example if f=XY+XY¥ 
‘On simplification we get f=X(V+Y) = X {since Y+¥=1} 


on 
using K'map 


A K’ map for SOP 
| expressions use 
repeatedly to 
simplify an 
expression 


Rules to forma 
| group in a K’ map 


To do this simplification using K’map, the following steps are to be followed: 


1, Puta ‘1’ in cells for min-terms which appear in the given SOP expression. 
See the K'map on the right for the expression (X Y + X Y). 
2. Next group the 1's in adjacent cells by taking as many number of 1's as 
possible within a group. A group is also called a sub-cube. Note that: 
+ You may only include either 8, 4, 2, or a single ‘1’ in a given group. | 
¢ Group cells to form a rectangular selection. Selecting cells diagonally is not allowed. 
« You may need to form more than one group to include all the 1’s. But do not form unnecessary — oS 


groups. In general include the maximum number of 1’s in a group and form the minimum Waepeccarcatast 
number of groups until all the ‘1's are selected. Larger a group, more it can be simplified. | EEE can con aoe 

* To form a group, first look for the availability of 8 adjacent cells. If not available, look for 4, | 44 4, 2, or 
then 2, and then 1, in that order. However do not group 3, 5, 6, or 7 number of cells even if | a single callin a 
these form adjacent cells. 


hg 
kK map 
« To increase the size of a given group, you may include one or more ‘1's from another group. | . 


This is called overlapping. This does not change the expression as per the Boolean rule AFA=A 
In our example, as we have only two adjacent cells having 1's, we have circled them to form a group. | 
3. Each group will contribute to a term in the final output. To get the output of a given group write only 
that term which remains unchanged within that group. | 
In our example we find that within the marked circle the terms present are X Y and X Y. In these terms | 
X has remained same or unchanged in both the cells, while Y has changed from Y to Y. | 
4. Logically add all the terms derived from each group to get the final expression. | 
In this example, with a single group, the final output is given by: f = X (same result as above). | 


Example-31: Simplify f= KY + XY+XY 


In the K’ Map we first put ‘1’s in the squares containing 
the valid min-terms. 


We then cirde the pairs of adjacent squares containing 
T's, Here we have only 3 number of 1's, Hence we 
cannot form a rectangle with 8 or 4 numbers of cells. 


The next option is to use 2 cells. We make a vertical 
Qroup with 2 cells as shown in figure-2 on the right. 


To indude the remaining ‘1’ at the corner (XY term), 
we pair it up with the ‘1’ from the first group, as shown 
in figure-3. The overlapping is done to minimise the 
expression further. Without the overlapping it would have been a group with only a single cell in it. 


~|© 


<|<|% 


< 
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3-variable 
K’ map 


| The K' Map representation of min-terms with three variables is 


| Hence in the third column, instead of writing XY we have written 
| XY. This can be further observed from an alternate form of the 


Part 4; Chapter 4 
The concept of overlapping can be confusing at first, but do not worry if you cannot understand now My 
this means, further examples will make the point clear. 


In the horizontal group the non-changing term is Y as it Is present in both the terms within the group 
the vertical group the non-changing term Is X as it is present is both the terms within the vertical 9oup, : 
get the final output we have to logically add the terms derived from each group. 4 


Thus the final output is given by: f= K+ ¥ single varlable change between cy, 


* Karnaugh Map for expressions with 3 variables: 


shown in the table on the right. In the header row, the different 
X, Y values and in the left column the different Z values are 
written, In writing the same, care has been taken so that only a 
single_variable_ shanges_in value between any two 
adjacent header cells. 


first table shown on the right. It is formed by using the binary 
input values of the variables X, Y, Z and their corresponding min- 
term numbers. Here the sequence of the header is (00, 01, 11, 
10), instead of the usual binary sequence of (00, 01, 10, 11). 


The subscripts of the different terms (0, 1, 2, ... 7) indicate the 
order in which the min-terms are placed in the table 
Corresponding to their increasing binary values. Note the change 
in values in the last two columns. 


Furthermore it can be seen that the first and the last columns also differ by a single 
variable and hence the table can be thought to be rolled to form a cylinder with the 
Tight and left edges of the table joined. The figure on the right clarifies this point. Thus 


X YZ and X Y Z are actually adjacent terms and so are X Y Z and X YZ. 


Example-32: The problem is given by a three variable truth table shown on the right. It 
is seen that the output is high for the input values 0 to 3 only. 


The min-terms corresponding to the output of the truth table are XYZ+XYZ+XY 
2+X/ Z. These are then plotted into the K’ Map as shown below. 


We know that we can group either 8, 4, 2, or 1 cell. But here we find that we cannot 
make a group with 8 cells as there are only 4 number of 1’s. The next option is to take 4 
cells and it is possible to do so in this case. Thus a single group is constructed encircling 
all the 1’s. Since we should make the minimum number of groups, we have made a 
single group as shown in figure-1 instead of two groups (as shown in figures 2 and 3). 


ENCE 
re 
KIN 


In this example the valid min terms occupy the 4 adjacent squares grouped by the circle. If we simplify the 
SOP expression algebraically we find: 
f = XYZ+XYZ4+XYZ+XYZ 

= XZ(¥+Y)+XZ(¥+Y) 

= XZ+XZ 

= X(Z+Z) 
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To find out the simplified expression from the K’ Map directly, note that within the four squares the variable 
that remains unchanged within the group is X. The other variables i.e. Y and Z have changed in values 
within the group. As per rule the simplified term for the group is that value which remains unchanged. 


Hence, for the single group we have f = X as has already been obtained algebraically. 
Examples given below clarify the simplifying process. Note that each expression contains only those variables 


which remain unchanged within the group. Moreover the groups are made in such a manner that the 
maximum number of min-terms are grouped together to form a valid group. 


Example: 
| 3 variable K’ map 


Note that in example 37, we have made a single group containing the four 1’s, as the two extreme 
columns are also adjacent to each other as has been shown in the previous page. 


» Karnaugh Map for 4 variables: Adjacent columns ay 
Adjacent rows 
The K'map for min-terms with four variables is 


— = 4 variable 
drawn with the first two variables in the header x wx wx wx K’ map 
row and the second two in the leftmost column. vz ll wry? ve Xv? 

Similar to a 3 variable map, the terms are ule = ule bait Wive 

written such that there is a single variable YZ XYZ | WXYZ | WXYZ 

difference between any two adjacent cells. = = 

Here the map can be thought of being rolled vz X¥Z | WXYZ | WXYZ 

both horizontally along its left and right margins YZ | WXYZ | WXYZ | WKYZ 

and vertically along its top and bottom margins. 


Thus the columns 1 & 4 are adjacent and so are the rows 1 & 4 (: 
cells possible in the largest group is equal to 8. 


The figure on the right shows the distribution of terms of a 
four variable K’map in terms of the binary input values of 
the variables WXYZ and their corresponding min-term 
numbers. Remembering this distribution can help in directly 
forming the K’map from the truth table or the = notation. 


Different examples of 4 variable K'maps are shown in the 
next page, 


8 


figure above) and the number of 


Worked out 
problems using 
K* maps 


Part 1: Chapter 4 


| The K’map shown on the right (Ex. 48b) takes into account the 'd’ terms SaswK 


corresponding to the min-terms mio, M11, Miz, Miz, Mis, and mis (the Wx] Wx > 
| non-BCD terms) along with the normal output terms for example-48. NZ d 
We find that by taking 5 of the 6 don’t care terms as ‘1’, we can YZ d 


increase the size of the groups thereby getting a more simplified iyz|1(4 1 
| output than Ex. 48a as shown in the last page. We have considered the q 
| d-term mi2 as ‘0’ and the remaining d-terms as ‘1’. YZ a 
| 


| Remember that you should use the ‘d’ terms only to increase the Ex.48b: f = Y + wz 
size of an existing group, if possible, and not to create new groups. 


i-% 


| 
fe 


* Some worked out problems using K’maps: 
Example-49. Using K’ map find the simplified POS expression for the function: f(X,Y,Z) = 5 (0,1,4,6) 


The first method is used to solve this. 
Therefore to find the POS expression, we 
have to first plot the complement of the 
output in the K’ map. 
| The complement of the expression 
f=(0,1,4,6) will be f=2(2,3,5,7). f is plotted 
in the Kap as shown on the right. 
| The min term numbers are written in 
the lower-right corner of each cell in 
| the K’map to help us plot the terms. 2 


| Therefore Ff = XY+XZ 
or fo =() = XVFXZ = K+Y)-K+Z = K+Y-(KHD 


1 3] vA 5] 
Min terms taken | d-terms taken 


| Ms, M7 


Example-50- A logic circuit implements the Boolean function: f = X Y + X Y Z. It is found 
that the combination X=Y=1 can never occur as input in the circuit. Find a simpler 
expression for f. 


First we have to convert the expression to a canonical 
one to get all the valid min-terms. To do that we have to 
multiply the first term by (Z+Z) to get: 
FSXYZ+XYZ+XYZ 
The truth table for the expression is 
shown on the right. From the truth 
table we find that the condition X=Y=1 
Occurs in the last two rows as shown by 
the highlighted box. As these input 
conditions will never occur, we can use these two combinations as don’t-care terms. The output min-tems 
| along with the 'd’ terms are plotted on the K’ Map as shown above. We can take both these d-terms as'!’ 
| and include them to increase the size of the required groups. 


| The final simplified output is given by f = Y + XZ 


Example-51: It is necessary to design an overheat alarm for an oil-fired 

steam boiler. Three sensors are available. One sensor monitors the water = 

temperature in the boiler, one monitors the chimney temperature and O/o|o 
| One follows the on-off state of the burner. The logic operations of the [olTo[4[o —| 
| Sensors are given below. An alarm signal should be generated whenever the o/;1/]0/0 
| burner is on and either the chimney or the water temperature Is too o[1{[1 | 1 [wos 
| hot. Obtain the Boolean expression for the alarm signal. a!ololo 

Boiler Water: ‘0’ means water is within normal temperature range +[o [4 | 1 [wee 
| ‘1’ means water is too hot 411[0|90 i] 
| Chimney: ‘0’ means chimney is within normal temperature range 4[4..4 [4 wes] 
j ‘1’ means chimney is too hot 
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Qil Burner: ‘0’ means burner is Off 


‘1’ means burner is On 
Solution: 
Step 1: First we identify the different variables as: 
w =: the Water Temperature 
C =: the Chimney Temperature & 
B_: the Burner On-Off State 


Step 2: Next construct the truth table for the problem and write down the desired outputs and their valid 
min terms as shown in the last page. 


Step 3: Finally write down the Boolean expression from the truth 
same using K’map as shown on the right. Thus the fi 


A=8C+BW 


Example-52:A Boolean function is given in POS form as f (X,Y,Z) = I] (2, 3, 4, 5, 6). Find the simplified POS 
expression using a K‘map. 


t table using the min-terms and simplify the 
inal simplified expression is given as: 


We use the second method to find the XY] KAY. | KEV] 
simplified POS form of f. From the IT notation z 5 
we directly plot the Max terms into the POS t 49 6 
version of the K'map as shown on the right. z 0 

1 3 7 


In this example we can group the terms in 


two different ways as shown in the two K’maps, thereby giving two different, but possible simplified 
outputs. Noting the terms which have not changed within each group and adding them, we finally have: 


f = (X+Y)(¥+Z)(K+Y) or f= (X+YMK+Z)(X+Y) 


Example-53; Simplify the Boolean 
function f in SOP form using a K’map: 
f(W,X,Y,Z)=2(0,1,4,5,7,10,11,13,14,15) 


The min term numbers are written in 
the lower-right corner of each cell in the 
K’map. The min-terms present in the = 
Notation are directly plotted into a 4 
variable K’map as shown on the right, 
by taking help of these min-term 
numbers. 


We can form 3 groups as shown in the 
map, each containing 4 terms. 


‘The required output is given by: 
f= WY+XZ+WY 


Ms, M7, Miz, Mis | 
Mio, Mi, M14, ms| 


Example-54: A Boolean function is given by: f(W,X,Y,2) = £(0,1,5,13,14,15) with d = £(2,8,9,11). Find the 
simplified SOP expression using K’map. = 

The output terms are directly plotted aE S 
into a 4-variable K'map using the min- 
term numbers. The don’t care terms 
are also plotted. 


As seen from the K’map, we can use 
the d-terms mg and ms to increase the 
size of a group. Hence only these are 
used in the K’map to form the groups. 
The required output is given by: 


f=XY+YZ+WXyY 


Mo, M1 


b 2 [my ms, ms 
3 [mu ms 
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>| oon 


K' map for | We have seen that digital computing is mainly based on binary logic, which operates with only 2 Numbers 
POS expressions | ‘O' & ‘1’ to represent the logic states ‘False’ and ‘True’ respectively. Modern circuits, which realise this 
use different voltage levels to represent the binary ‘0’ and ‘1’. Usually a SV or a 12V DC SUppIy ig 
to drive such ICs, with two different voltage ranges used to represent ‘0’ and ‘1’. Ug 


ND, OR, NOT, XOR, NAND, NOR, XNOR 


When designed using electrical or electronic circuits, the logic functions 
When designed AB represented by specific block diagrams known as logic gates. The aie 
using electrical or functions are represented by different circuits and block diagrams. The diagram on 
electronic circuits, h 


A 
B 
‘ left shows the representation of a 2-input AND logic gate. 
ABCD 
8 A logic gate has a single output whereas the inputs can vary from one (for NOT ) 
c many. A 4-input NAND gate is shown on the left. The number of inputs is determineg & 
the number of variables that are required to realise a function. 


These logic gates form the basis of all combinatio, 


Diagrams of 


nal 
sequential logic circuits. The logical components ike . 


Registers, RAM, etc. of computers are made up of differ.’ 
combinations of these logic gates. To design a circuit, Fist ty 
truth table for the desired outputs for a set of given inputs 


DoF 
NOT Gate 
drawn. From the truth table the Boolean expression in SOP y 
A A AB POS form is then derived and simplified. Finally the logic Oe 
representation of the circuit is made from the Simplify 
B B expression. 
AND Gate 


AB 
NAND Gate The different logic gates corresponding to the different 
functions are shown on the left. The complement Operation 
—— | [Is represented by a triangle with a bubble at the end and is 
- Ave |] 4 A¥B | called a NOT gate. The other gates are shown with 2 Inpus 
B B and 1 output. The AND, OR and XOR gates have ther 
corresponding complemented counterparts i.e. the NAND (Not 
OR Gate NOR Gate AND), the NOR (NOT OR) and the XNOR (NOT XOR), Te 
XOR or Exclusive OR operation is represented by the symbo| 
& 
A & ASB 
APB ee The logic gate diagrams of the complement of all the bas, 
B 8 gates are formed by combining the un-complemented gate 
XOR Gate 


bubble of the NOT gate at the o 
XNOR Gate diagram with the g pat 


side (see figure below). 
The operations NAND, NOR, XOR and XNOR are new and hence their truth tables are given below: 


different A 
Logic Gates and 
their outputs. 


NAND NOR 


Example-55: Draw the logic gate equivalent of the XOR function X Y 
given by: XBY = XY+XY 


The given expression is an SOP one containing two product 
operations, one sum operation and two complement operations. 


1. First get the complement of the variables X and Y using NOT 
gates, as the expression contains complemented variables 


2, Next realise the product terms using two nos. of 2 input AND 
gates for the two product terms X Y and X ¥ 


3. Finally use a 2 Input OR gate to get the final sum of the SOP 
expression Le. XY +XY 
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First draw the different Inputs as parallel vertical lines. Next draw the complements of the inputs at the 
side of the main input lines using NOT gates. In case a particular complement Is not required then It Is not 
drawn. A dot is used to represent a connection between two lines. 


Example-56: Draw the logic gate equivalent of the Boolean function: f = (A+B+C)(A+B+C)(A+B+C) 
The given expression is a POS one containing 3 sum terms, 2 


A B c 

product operations and 3 complement operations. To draw 
the required block diagram: 
1. First step Is to get the complements of the variables 

using NOT gates, as the expression contains 

complemented variables. (If the complements are 

available there is no need to carry out this step). ‘ 
2. Next realise the sum terms using three numbers of 3- 

Input OR gates for the three sum terms. 
3. Finally use a 3 input AND gate to get the final product 

of the POS expression. 
One thing to note in the above examples is that the 


complemented inputs to the AND & OR gates are taken from a single source, so that extra gates are not 
required to complement the inputs if a particular input is required more than once. 


Example-57: Draw the logic gate equivalent of the Boolean A BC 


function given by: f = A (A+B+C) (B+C) (A+B+C) 

From the above expression it is seen that the complement of B 
i.e. B is not required and hence the same is not drawn (using a 
NOT gate) in this example. 

Moreover, the first term i.e. A is directly connected to the 
output AND gate. As it does not have any other term OR’ed to it, 
we have not used an OR gate for it. The same is applicable for an f 
SOP expression also. 

The SOP & POS circuits shown here are known as two level 
logic networks, as each Input signal passes through two gates 
from input to output (assuming that complements of the inputs 
are available and hence not considering the NOT gates). 


Example-58: The figure below shows a logic circuit composed of different gates. It has Inputs A, B & C and 
final output £ It is required to find the final expression and hence simplify the circuit so that it can be realised 
using lesser number of gates. 


The first step is to number the gates as shown in the A 
figure. The output of each gate is then written just after B 
the gate. The outputs of the gates are: 

¢ Gate 1: Being an AND gate the output is AB 


® Gate 2: Being an OR gate the output is (AB+C) since 
its two inputs are AB and C 


* Gate 3: Being a NOT gate the output is C 
* Gate 4: Being a NAND gate, the output is given by (AB + C) C, since the inputs are (AB+C) and C 
On simplifying the output of the final NAND gate (gate 4) we get the final output as: 


(aB+C)C 
c 


f= (AB+C)C = ABC+CC = ABC+0 = ABC = A+B+C = A+B+C [Using de-Morgan’s theorem] 


4.10 NAND and NOR Gates as Universal 


Of alll the logic gates discussed so far, two gates occupy a special position. These are the NAND and NOR 
gates. These gates can be made in modern IC packages using lesser number of components (like 


ic Gates 
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a 


Universal gates 
NAND, NOR 


i 


Other gates using 
NAND gates 


— 


NAND and NOR 


AND using NAND 


| OR Gate: From the logic of an OR gate we have: 


OR using NAND 


> 


XOR using NAND | 


op 


Other gates using 
NOR gates 


NOT using NOR 


| The expression shows that first we have to complement each of 


Part 1: Chapter 4 


gates only. 
* Realisation of Logic Components using NAND gates: 


both are ‘0’ or ‘1’ as shown by the highlighted boxes in the truth table), 
the output Is the complement of the input. To apply the same 
input value to both the Inputs of the NAND gate, an easy solution is to 
join both the inputs of the NAND gate. Under such a condition if a 
single input is applied to the joined terminal, then that input will get 
distributed to both the input terminals (as shown by the arrows). Hence 
the output will always be the complement of the Input signal 
applied. This is precisely what a NOT gate does. Hence the circuit is 
the NAND gate equivalent of the NOT gate. 


| AND Gate: From the logic of an AND gate, if A and B are 


Operation. To get that, the first thing to do is to double 
complement the expression as shown below. Then rearrange =< 
the terms so as to look like a NAND operation as: f= AB = AB = (AB) 


NAND gates are required to form the AND as shown in the figure above. 


f= A+B = A+B = A-B (using de Morgan's Theorem) 


First complement the variables to get A & B using equivalent 
NOT gates and then use their outputs as inputs to a NAND gate 
to get the final output. Thus we require 3 numbers of NAND 
gates to make an OR function. 


XOR Gate: To make an XOR gate first derive an expression 
that uses only NAND operations to get an XOR operation. 
How the NAND gates are to be connected is understood from 
that expression. We know that: 


f= A@B = AB+AB = AB+AB = (AB) - (AB) 


the 2 variables to get A and B. Then get each of the product 
terms by using NAND gates. Finally the product terms are 
joined using another NAND gate to get the final expression. 


+ Realisation of Logic Components using NOR gates: 


NOT gate: From the truth table of the NOR function we see that when 
the two inputs are same (i.e. both are ‘0’ or ‘1’ as shown by the 
highlighted boxes in the truth table), the output is the complement 
of the Input. To apply the same input value to both the Inputs of the 
NOR gate we join both the inputs of the NOR gate. Under such a 
condition if a single Input is applied to the joined terminal, then that 
input will get distributed to both the input terminals. Hence the output 
will always be the complement of the input signal applied. 
Hence the circult is the NOR gate equivalent of the NOT gate. 


NAND Gate 


NOR Gate 


transistors) than the other gates. This reduces the complexity, cost, and size of these d 

other gates can be made by proper combinations of either NAND or NOR gates only. Since alll types of log 
gates can be formed by suitable combinations of either NAND or NOR logic gates Only, these 
known as Universal Gates. We will now find the equivalent circuits for all other logic gates using universe 


NOT gate: From the truth table of the NAND function we see that when the two inputs are same (i 


| 2 variables then their AND operation will give the output A AB = 
f= AB. To make such a gate using NAND gates only, we have to AB =ag 
write the expression of the AND gate to look like a NAND | 


First use a NAND gate to get AB and then complement it using the equivalent NOT gate to get AB. Thus 2 


>i 
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: From the logic of an AND gate, for two variables A 
and B, their AND operation will give the output f= AB. To 
make such a gate using NOR gates only, we have to write the 
expression of the AND gate in terms of NOR operations. To 
arrive at such an expression first double complement the 
expression as shown below. Then rearrange the terms to look 
like a NOR operation. 


f= AB=AB=A+B (using de Morgan's Theorem) 
First complement the variables to get A and B using equivalent NOT gates. Then input these to a NOR gate to 
get the final output. Thus we require 3 NOR gates to get an AND function. 

OR Gate: From the logic of an OR Gate we have: 
f= A+B = A+B = (A+B) 


We first need one NOR gate to get (A+B) and then we |8 
complement it using the equivalent NOT gate to get A+B. Thus 2 
NOR gates are required to form the OR as shown in the figure above. 


: To make an XOR gate we first derive at an 
expression that uses only NOR operations to realise an 
XOR operation. From that expression we can know how the 
NOR gates are to be connected. We know that: 


(AB) = (A+B)-(A+B) 


(A*B)+(A+8) 


f= A@B = AB+AB = AB+AB = 


= AeB+AtB = AYB+A4B = [A+8) + (A+B) | 
rE =— (A+B)+(A+B) 
The expression shows that first we have to complement each A+B 
of the 2 variables to get A and B. Then get each of the sum 
terms A+B and A+B by using 2 NOR gates. Next create the term A+B + A+B by using another NOR gate. 
Finally the output is achieved by complementing this expression using a NOT gate. 


« NOR gate using NAND gate and NAND gate using NOR gate: 


To get the NAND equivalent of NOR, we express the NOR operation in a NAND format as: 


NOR = A+B = AB = B) 


To get the NOR equivalent of NAND, we express the NAND operation in a NOR format as: 
NAND = A-B = A+B = A+B = (A+B) 


NOR gate using NAND gates NAND gate using NOR gates 


« Design Rules Using NAND and NOR Gates: 


Using De Morgan’s theorem a AB=A+B < z5 A = 
NAND function can be written as: a AB = ALEK, ae) = AYESAB 
A-B = A+B ie. asanOR g = 8 Pp 
operation with the inputs A and B e 


complemented. See the diagram 
on the right which shows the 
equivalent circuit. 


Equivatent 


am 


AND using NOR 


wm 


OR using NOR 


a 


XOR using NOR 


am 


Design Rules 
using NAND and 
NOR gates 
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Ma 


Two level 
NAND-NAND 
circuit 


Two level 
NOR-NOR circuit 


Part 1: Chapter 4 


Simllarly a NOR function can be mm ce z Arm xe 
wiitten oa: AUD © AB heasan * METAS K AB_A \ Absa 
AND operation with the Inpuls Ag ~~ B 

and B complemented, Sea the 

diagram on the right which shows 

the equivalent clrcutt, LL cauvatont_— J 


This leads (o the equivatent circults for the NAND and NOR gates as shown In the diagrams above, 
NOT gates al the input of the OR and AND gates are used to complement the Inputs A and B before 
enter the OR and AND gates. 


A 86 A B CO _ NAND Gate A B C 
{ Equivalent 
¥ NAND Gate 
nea 
| f o—So t 
So 
J] 7 i 


a) AND-OR Ciroult, <————————- Bamo aa... ———————» _ h) NAND-NAND Circuit 


Now consider the 2-level AND-OR SOP circult shown in fig. a above, consisting of 3 AND gates and an 
gate. We add a NOT gate after each AND gate and a NOT gate before each input line to the OR gate, Since 2 
NOT gates are added In serlas, the circult remains unaffected (since double NOT gate means complement; 
twice and hence the net effect Is zero). However an AND followed by a NOT Is simply a NAND gate and an OR 
with gate complemented Inputs Is same as an equivalent NAND gate as has been shown just now, 


Thus we can replace the AND and OR gates with only NAND gates and derive at the circult shown jn 
figure b. Thus a two level NAND-NAND circult Is equivalent to a two level AND-OR circuit with an Identica, 
Set of Inputs and output. Accordingly an SOP expression can be directly formed using NAND gates only, 


A 2-level AND-OR SOP clroult is equivalent to a 2-level NAND-NAND clrcult with identical Inputs 
and hence an SOP cirault can be directly formed using NAND gates only 


A B GC A B C NOR Gate A BC 


Equivalent 
. NOR Gate 


thy 


©) OR-AND Circuit <————————- Same as... ———————» _ d) NOR-NOR Circuit 


Next consider the 2-level OR-AND POS circult shown In fig. ¢ consisting of 3 OR gates and an AND gate. We 
add a NOT gate after each OR gate and a NOT gate before each Input line to the AND gate. Since the 2 NOT 
gates are added In serles, the circult remains unaffected. However an OR followed by a NOT is simply a NOR 
gate and an AND with complemented Inputs Is same as an equivalent NOR gate as has been shown before. 


Thus we can replace the OR & AND gates with only NOR gates and derive at the circult shown in 
figure d. Thus a two level NOR-NOR clrcult is equivalent to a two level OR-AND circuit with an Identical set 
of Inputs and output. Accordingly a POS expression can be directly formed using NOR gates only. 


A 2-level OR-AND POS clroult Is equivalent to a 2-level NOR-NOR clroult with Identical inputs and 
hence a POS circult oan be direatly formed using NOR gates only 
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Example-59: A 3-input logic circuit with inputs A, B, C generates a high output under following conditions: 
e A=0, B=0 
« A=0, B=1, C=1 
* A=1,B=0,C=1 
e A=1, B=1,C=1 
Draw the truth table, find the SOP expression and simplify the same and design 
a combinational circuit for this system using NAND gates only. 


The truth table is shown on the right. Note that for the first condition ie, A=0 
and B=0, since nothing is mentioned about C, we have taken both the values of ABC 
C along with A=0 and B=0, i.e, we take both the inputs A=0, B=0, C=0 and 

A=0, B=0, C=1 to satisfy the first condition. Taking the valid min terms from the truth table, the required SOP 
expression is: 


f=ABC+ABC+ABC+ABC+ABC & BG 

The required simplified SOP expression is: 

f = AB(C+C)+ABC+ABC+ABC+ABC 
=AB+(A+A)BC+AC(B+B) = AB+BC+AC 

= (A¥B) + (A+B) C = (A¥B)+C = AB+C f 


Using the design rules for AND-OR circuit (same as NAND- 
NAND) we draw the required circuit diagram using only NAND 
gates. Note that for the single input C, we have used a NAND gate with inputs joined. 


4.14: Worked out problems o 


gic Gates 


Example-60: Draw the logic gate equivalent of the Boolean A B c 
function given by: f= ABC +ABC+ABC 


Each AND gate forms an output corresponding to a min term 
by logically multiplying the inputs A, B, and C, The outputs of 
all the AND gates are taken as inputs for the OR gate, which 
logically adds the min terms to form the required SOP output. 


Example-61: Draw the logic gate equivalent of the Boolean 
function given by: f = (A+C)(A+B+C)(B+C) 


Each OR gate forms an output corresponding to a max term 
by logically adding the inputs A, B, and C. The outputs of all 
the OR gates are taken as inputs for the AND gate, which 
logically multiplies the max terms to form the required POS 
output. 
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Worked out 
problems using 
logic gates 


| second AND gate Is used to multiply the terms 
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Example-62: Draw the logic gate equivalent of the Boolean function given by: f = AB + (B+C\(B42) 


The first AND gate Is used to get the product AB. Thetwo A BC 
OR gates are used to get the terms (B+C) and (B+C). The 


(B+C)(B+C), The final OR gate is used to get the logical 
sum of the terms AB and (B+C)(B+C) to get the final 
sum. 


Example-63: Draw the logic gate equivalent of the Boolean function A BC 
given by: f= AC + AC + BC using only NAND gates. 


‘As an SOP expression with AND-OR logic is equivalent to NAND-NAND 
ic, hence we can simply replace the AND and OR gates of the AND- 
OR logic with NAND gates to get the final circuit as shown on the right. 


Example-64; Draw the logic gate equivalent of the Boolean A B C 
function given by: f = B (A+C) (A+B+C) using only NOR gates, 


As a POS expression with OR-AND logic is equivalent to NOR-NOR 
logic, hence we can simply replace the OR and AND gates of the OR- 
AND logic with NOR gates to get the final circuit. 


Note that for the term B we have used a NOR gate with the inputs t 
joined to get the 2-level NOR-NOR equivalent circuit. 


Remember that, whenever there is a single input (either in POS or in 
SOP) use a NOR or NAND gate as per the type of circuit in this 
manner in the first level. 


| Example-65: Find the output F of the following logic circuit: 


ABC 


The output F = (A+B) AC Is obtained by writing the output of each of the logic gates individually starting 
the leftmost gate, as shown In the second diagram, keeping in mind the output produced by each type 


| logic gate. 
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Example-66: Find the output F of the following logic circuit: 
ABC ABC 


(A+B) a 
(A¥B) + (BC) 


The output F = (A+B) + BC is obtained by writing the output of each of the logic gates individually starting 
from the leftmost gate, as in the previous example. 


Example-67: Find the output F of the following logic circuit, and simplify the output. 
ABC ABC 


A(AC)+(B4+C) 


| 
i 
i 


F = A(AC) + (B+C) = A(A+C) + (BHC) = AA + AC + BHC = AC+B+C = C+CA + B= CHAtB 
= AtB+C 


Fact File. 


n algebra was developed by the English mathematician George Boole. His work was based on 
lysis of logic and is contained in his book named “An investigation of the laws of thought on 
which are founded the Mathematical Theories of Logic and Probabilities”. 


= AR operation is designated by the ‘+’ operator and indicates a Logical Addition. The logical output is written as: C = 

~~ A+B and is read as ‘C equals A OR B’ or ‘C equals A plus B’. 

= operation is designated by the ‘s‘ (dot) operator and indicates a Logical Multiplication. The logical 
output is written as: C = AeB and is read as ‘C equals A AND B’ or ‘C equals AB’. 


+ AE NOT or complement operation is designated by a (bar) Placed over the variable and is used to indicate a 
Logical Complement. It is a unary operation i.e. needs a minimum of 1 variable to act upon. The logical output is 
written as: C = A and is read as “C is the complement of A”, 

2Two switches A & B connected in parallel function like OR logic with the output high whenever any 
one of the switches or both the switches are closed. 


Too switches A & B connected in series function like AND logic where the output will be high only 
when both the switches are closed. 


&, pe Morgan's Sun Theoten: The complement of the logical sum of two variables X and Y is equal to the logical 
product of the individual complements of the variables. Thus X+ ¥ = X-¥ 
De Morgan’s Product Theorem: The complement of the logical product of two variables X and Y is 
equal to the logical sum of the individual complements of the variables. Thus X- Y= X + ¥ 


~The general rule to form an SOP expression is as follows: Wherever the desired output Is 1, take the min-terms for 
those outputs and add those min-terms to get the final result 


£/ The general rule to form a POS expression is as follows: Wherever the desired output is 0, take the 
max-terms for those outputs and multiply those max-terms to get the final result. 


~Fimy=m(M) and TPH) == (m) 
» @ Boolean expression in the SOP form has product terms each of which contains all the variables (either in 
complemented or in non-complemented form) then the expression is called a Canonical SOP 


* Ifa Boolean expression in the POS form contains sum terms each containi 
in complemented or In non-complemented form) then the expression Is 


17 
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Wr convert a non-canonical SOP to canonical form, first multiply the non-canonical term with an expression of the 
& + form (X+X), Choose the multiplier in such a manner that it contains that variable which is not present in the 
original term. Repeat the process until each term is converted to Its canonical form 


te convert a non-canonical POS to canonical POS, add to the non-canonical term an expression of the 
form X X. Apply the distributive rule X+YZ = (X+Y)(X+Z). Repeat the process until each term is 
converted to its canonical form 


= To simplify an SOP expression using a K’map, include the maximum number of 1's within the minimum number o¢ 
groups until all the ‘1's are covered, with a group containing 8, 4, 2, or a single term. Diagonal grouping is ot 
allowed and a group can be only rectangular In shape. 


= AK'map for SOP expressions repeatedly use the Boolean rule X +X = 1, to do the simplification 
» AXK’map for POS expressions repeatedly use the Boolean rule X - X = 0, to do the simplification 


= The logic functions when realised using electrical or electronic circuits, they are represented on pape, 
by specific block diagrams known as logic gates. The different functions are represented by differen, 
block diagrams 


= NAND & NOR gates are known as Universal Gates since all types of gates can be formed by combining these gates 
‘only and hence any circuit can be designed using these gates only 


2 ANOT gate can be formed by using 1 NAND gate only 

¥ |OT gate can be formed by using 1 NOR gate only 

oe gate can be formed by using 2 NAND gates only 

ra An AND gate can be formed by using 3 NOR gates only 

“An OR gate can be formed by using 3 NAND gates only 
‘An OR gate can be formed by using 2 NOR gates only 

» ANOR gate can be formed by using 4 NAND gates only 
ANAND gate can be formed by using 4 NOR gates only 


» The NAND & NOR gates do not obey the associative rule and we cannot get the complement of the 
product or sum of 3 variables using two 2-input NAND or NOR gates only. To get a 3-input NAND gate 
from 2-input NAND gates we have to use three NAND gates 


= A 24evel AND-OR SOP circuit is equivalent to a 2-level NAND-NAND circuit with identical inputs and hence an Sop 
circuit can be directly formed using NAND gates only 


» A 2-level OR-AND POS circuit is equivalent to a 2-level NOR-NOR circuit with identical inputs and 
hence a POS circuit can be directly formed using NOR gates only 


Q1. Fill in the blanks: leach 
a) este fools is the founder of Boolean Algebra. 
b) _0@ _and_AND are the basic operations of Boolean Algebra. 
¢) The simplified value of X+XY is__X . 
d) The complement of (X+Y) is__X +¥ : 
e) In Boolean algebra (X+XY) = __x+y S 
f) By using the distributive law, (X+V)(X+Y) will be equalto___-X_—. 
g) The simplified value of X(X+Y) willbe__ XY ___. 
h) A Lust tele is a tabular representation of a logical problem. 
i) With 'n’ number of binary variables we can have ______ different combinations. 
j) The full form of SOP is ‘ 
k) Aterm ina canonical SOP is called a term. 
|) The canonical expression for f(X,Y,Z) = XY will be 
m) The full form of POS is : 
n) Aterm ina canonical POS is called a term. 
0) (A+C) (A+B+C) (B+C) is an example of a 


POS expression. 
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p) F(AB,C) = ¥ (0, 4, 7) Is same as 11 ( \ 
q) FOX,Y,2Z) = 1 (2, 3, 5) is same as ¥ ( ). 
1) The simplified value of (A,B,C) = 2(2,3,6,7) is 


Q2, Multiple Choice Questions. Select any one from the four options. Leach 
1) In Boolean algebra for the variable A, the value of A+A+A is equal to: 
at b. 3A cA 6. A? 
i) Tn Boolean algebra for the variable A, the value of AAA is equal to: 
aA b0 cA 6. 3A 
li) In Boolean algebra for the variable A, the value of A+1 is equal to: 
aA bol 0 dA 
lv) __ In Boolean algebra for the variable A, the value of A+A is equal to: 
aA b.0 Gl aA 
v) In Boolean algebra for the variable A, the value of A.A is equal to: 
al bA cA 4.0 
vi) In Boolean algebra for the variable A, the value of A is equal to: 
a0 bl cA aA 
vil) In Boolean algebra X+XY is equal to: 
a. X+Y b. X+Y ©. XY J. X4¥ 
vill) og algebra the distributive law (X+¥)(X+2) is equal to: 
RAYE b. X+Y+Z c. XYZ d. X¥4XZ 


ix) In Boolean algebra the relation A.A=A is called: 
a, Associative Law b. Commutative Law —_c, Idempotent Law d, Distributive Law 
x) In Boolean algebra the relation A+B=B+A4 is called: 
a. Associative Law _b. Distributive Law c. Idempotent Law d. Commutative Lav 
xi) In Boolean algebra the relation X+XY=x is called: 
a. Absorptive Law —_b. Idempotent Law c. Distributive Law d, Associative Law 
xii) In Boolean algebra the relation X+(Y¥+Z) = (X+Y}+Z is cailed: 
a. Distributive Law _b. Associative Law c. Absorptive Law d. Idempotent Law 
xiii) _ Using the distributive law the value of (X+¥)(X+Y) is equal to: 


a. XY bY aX d. X+¥ 
xiv) Parallel electric switches in a circuit are an example cf: 
a. logical AND b. logical NOT ¢, logicai OR d. None of these 
xv) _ Series electric switches in a circuit are an example of: 
a. logical OR b. logical AND c. logical NOT d. None of these 
xvi) _ Water taps connected in parallel in different pipes are an example of: 
a. logical AND b. logical OR c. logical NOT d. None of these 
xvii) Water taps connected one after the other in the same pipe are an example of: 
a. logical OR b. logical NOT ¢. logical AND d, None of these 
xviii) In Boolean algebra X Y + X Y is equal to: 
a.X+¥ b.X cl d.Y¥ 
xix) In Boolean algebra A+AB is equal to: | 
a. AB beh c.B d.1 | 
xx) aaa adie | 
A+B bA+B cA+B d.A+B 
xxl) In Boolean algebra A B + B is equal to: Pa an abs | 
aA+B bAt+B T A+B d.A+B 
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voli) In Boolean algebra X+XY+Y is equal to: 
a X+Y b.X+7 cX+¥ aX+y 
yodii) In Boolean algebra X Y + YZ + X + Z is equal to: 
aX+Z b.X+Z aX+Z dX+z 
xxiv) In Boolean algebra X+XY+YZ Is equal to: 
a. X+YZ b. Y+2X c, Z+XY 4. X+¥42 
xxv) _ In Boolean algebra A C + ABC is equal to: 
a. AB b, BC c, AC d. A+BC 
ywvl) In Boolean algebra Me eez) Is equal to: 
aZ aX aX 
yoxvil) In Boolean algebra XZ + id Is equal to: 
aX b.X Gl dz 
yxvill) In Boolean algebra (X+Z)(Z+X) is equal to: 
aZ b.Z «Xx dX 
xxix) In Boolean algebra XZ+Z+1 is equal to: 
a.0 bx ceil d.Z 
0x) _ In Boolean algebra Z + ZX is equal to: 
aXZ b.XZ XZ Xz 
xxi) In Boolean algebra, the complement of (X+Y) is: 
a XY b.XY cXY a xy 
yodi) In Boolean algebra F(A,B,C) = 5 (0, 4, 7) is same as: 
a. T(1,2,3,5,6) b. 11(0,4,7) c. 11(0,2,4,6) 4. 11(1,3,5,7) 
rail) In Boolean algebra F(A,B,C) = 5 (1, 2, 5, 6) is same as; 
a. 11(1,2,5,6) b. 11(0,4,6,7) c. 1(0,1,4,6) d.11(0,3,4,7) 
yuxiv) In Boolean algebra F(A,B,C) = I (1, 3, 5, 7) is same as: 
a.2(0,3,5,6) b.5(0,1,6) c.E (0, 2, 4, 6) 4. (2, 5,6) 
xooxv) _ In Boolean algebra F(A,B,C) = TI (2,6,7) is same as: 
a. £(0, 4, 5) b. 2(0, 1, 3, 4, 5) c.£ (0, 1, 2, 5, 6) 4. (1, 2, 3,5, 7) 
yoovi) To convert a non-canonical SOP term to canonical form it is to be multiplied by a term like: 
a. X+X b.X.X c. X+¥ d. X+1 
yeovii) To convert a non-canonical POS term to canonical form it is to be added to a term like: 
a. X+X b. X+1 c.X+¥ d.X.X 
xxviii) In Boolean algebra the canonical form of the expression f(X,Y)=XY+X+Y is equal to: 
a, XY+XY+XY b. XY¥+XY ©. XY+KY d. XY+XY+XY 
xox) _In Boolean algebra the canonical form of the expression f(X,Y,Z)=XY+XYZ is equal to: 
a, XYZ+XYZ b. XYZ+X¥Z c. XYZ+XY di. XYZ+XYZ+Xy2 
xl) In Boolean algebra the canonical form of the expression f(X,Y)=X’Y+Y" is equal to: 
aX’ Y+X YX Yb. X Y4X YX"! CX’ Y+XY dg. X'Y+X Y4XY 
xii) _ In Boolean algebra the canonical form of the expression f(X,Y)= (K+Y)X is equal to: 
a. (K+Y)(K+Y)(X+Y) b. (K+Y)X+Y) ©. (X+Y)(X+Y) d. (R+Y)(X+Y)(K+Y) 
xii) In Boolean algebra the canonical form of the expression F(KY,Z)=(X+¥')(X42) is equal to: 
a. (XFY+Z)(X4Y+Z)(X4Y'42) D. (K+Y4Z)(X+Y"4Z)(X4V'4Z7) 
©. (XEYAZ)X+Y'+Z)XHY"#Z) d. (FY4Z)(X+Y4Z)(X4V4Z) 
xiii) In Boolean algebra the canonical form of the expression f(X,Y,Z)=(X-+Y)(X+Y+Z) Is equal to: 
a (X+Y+Z)(X+Y+2Z) b. (X+Y+Z)(X+Y4Z) (XYZ) d. (X+Y+ZX+742) 
xiv) Which of the following is a valld statement for De Morgan’s theorems: Sete 
a, AB=A+B b. ABA.B c. AB=A+B d, AB=A.B 
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xlv) 
xvi) 


xWvil) 


bxii) 


bill) 


bxiv) 
bv) 
bv) 


bev) 


Which of the following Is a valid statement for De Morgan's theorems: 


a, A¥B2A+B b. A¥B=A.B c. A¥B=A+B 
The full form of SOP Is: 

a, Sum or Product —b. Sum on Product cc. Sum off Product 
The full form of POS Is: 

€, Product of Sum —_b. Product or Sum c. Product on Sum 
‘The value of a min term in Boolean algebra Is: 

a. bl 2 

‘The value of a max term in Boolean algebra Is: 

a3 b.2 ad 

4 Boolean variables can form how many different combinations? 
a4 b.8 c. 16 

The simplified form of the Boolean expression f(X,Y,Z)=(2,3,6,7) is: 
aY b.X ay 


The simplified form of the Boolean expression f(X,Y,Z)=2(0,1,4,5) is: 
aY b.X ay 
The simplified form of the Boolean expression f(X,Y,2)=2(0,1,2,3) is: 
aY bX ay 
The simplified form of the Boolean expression f(X,Y,Z)=2(4,5,6,7) is: 
aY bY aX 
The simplified form of the Boolean expression f(X,Y,Z)=11(0,1,2,3) is: 
a.X bY aX 
The simplified form of the Boolean expression f(X,Y,Z)=1(0,2,4,6) Is: 


ad bY Z 

The simplified form of the Boolean expression f(X,Y,Z)=1(2,3,6,7) Is: 
aZ bY Cuz 

The simplified form of the Boolean expression f(X,Y,Z)=I(0,1,4,5) is: 
a¥ bz Zz 

Logic functions are represented by specific block diagrams known as: 
a. logic circuits b. logic diagrams ¢. logic gates 

A logic gate has how many outputs? 

a0 b.2 G3 

Which logic gate has a single output? 

a. XNOR b. NOR cc. NAND 
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d. A+B=A.B 

d. Sum of Product 
d. Product off Sum 
d.3 

4.0 

d. 32 

dX 

dX 


dX 


d. logic blocks 
di 


d. NOT 


The logic gate represented by a triangle with a bubble at the tip is called a: 


a. NOR gate b. XNOR gate c, NOT gate 


d. NAND gate 


The logic gate diagrams of the complement of all the basic gates are formed by combining the un- 


complemented gate diagram with a small _ at the output side: 


a, triangle b. circle c. square 
The complement of the AND gate is called a: 

a, NAND b. NOT c, NOR 
The complement of the OR gate is called a: 

a, NOT b. NOR c. XNOR 
The Exclusive OR operation is represented by the symbol: 
a+ b® C8 

Which of the following gates is called a universal gate? 
a. XNOR b. NOT c. NAND 


d. ellipse 


d. XNOR 


d. NAND 


d.@ 


d. XOR 
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bevill) 


bax) 


box) 


bod) 


bod) 


All types of logic gates can be formed by suitable combinations of __________ gates ony, 
a. XOR b. NOR c. XNOR d. OR . 
NAND gate is called a: 

2. Uniform Gate b. Unilateral Gate c, Universal Gate d. Unidigital Gate 
How many NAND gates are required to form a NOT gate? 

a4 b.3 C2 d.1 

How many NAND gates are required to form an AND gate? 

a4 b.3 G2 ai 

How many NAND gates are required to form an OR gate? 

a4 b.3 c.2 d.1 

The output of a 2 input XOR gate with inputs A and B is given by: 

2. AB b.AB+AB c, AB +AB d. A+B 

The output of a 2 input XNOR gate with inputs A and B is given by: 

a AB+AB b. AB c. A+B d. AB + AB 

How many NOR gates are required to form an AND gate? 

a4 b.3 C2 d.1 

How many NOR gates are required to form an OR gate? 

a4 b.3 c2 d.1 

In a 24evel SOP circuit, the AND and OR gates can be replaced with only 
a. NAND b. NOR c. NOT d. XNOR 

In a 2-4evel POS circuit, the OR and AND gates can be replaced with only gates: 
a. NAND b. NOR c. NOT d. XNOR 


Gates: 


|. Short Answer type questions: Leah 


What are the two states a Boolean variable can take? 

What do you mean by the term Truth Table with respect to Boolean algebra? 
Draw the truth table for a 2 variable Boolean AND operation. 

Draw the truth table for a 2 variable Boolean OR operation. 

Draw the truth table for a Boolean NOT operation. 

Write any one of the Distributive Rules for a three variable Boolean expression. 
Write any one of the Associative Rules for a three variable Boolean expression. 
Write any one of the Idempotent Rules for a three variable Boolean expression. 
Draw the truth table for the Boolean expression f = X + Y 

Drew the truth table for the Boolean expression f = X + Y 

Drew the truth table for the Boolean expression f = X + Y 


Draw the truth table for the Boolean expression 
Draw the truth table for the Boolean expression f = 
Simplify the Boolean expression f = X+XY+Y 
Simplify the Boolean expression f = X +XY+XYZ 
Simplify the Boolean expression f =X +X Y +X 
Simplify the Boolean expression f = BC + ABC 
Simplify the Boolean expression f = AB + AB 
Simplify the Boolean expression f = B+ AB +B 
Simplify the Boolean expression f = AB + B 
Simplify the Boolean expression f = AB+AB+B 
Simplify the Boolean expression f = AB+AB+B 
Simplify the Boolean expression f = KY + XY 
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xxv) 
ywvi) 
youl) 

yoili) 

xxix) 

ym) 


Q4. Long Answer type questions: 


i) 
ii) 


Simplify the Boolean expression f =X ¥+X¥+¥ 

Simplify the Boolean expression f= PQ+PR+PQ 

Write the full min term values for the three variable min terms ms and m7 

Write the full min term values for the three variable min terms mz and ms 

Write the full min term values for the three variable min terms mo and m3 

Write the full min term values for the three variable min terms m, and m4 

Write the full max term values for the three variable max terms M3 and Ms 

Write the full max term values for the three variable max terms M; and Mg 

Write the full max term values for the three variable max terms Ma and M4 

Write the full max term values for the three variable max terms Mz and M7 

Write the full SOP expression for the Boolean expression F(X,Y,Z) = © (3, 6) 

Write the full SOP expression for the Boolean expression F(X,Y,Z) = © (1, 4) 

Write the full SOP expression for the Boolean expression F(X,Y,Z) = £ (2, 7) 

Write the full SOP expression for the Boolean expression F(X,Y,Z) = IT (1, 7) 

Write the full SOP expression for the Boolean expression F(X,Y,Z) = II (0, 6) 

Write the full SOP expression for the Boolean expression F(X,Y,Z) = II (2, 4) 

Write the SOP expression in X form corresponding to the POS expression F=I1 (2, 3, 4) 
Write the SOP expression in © form corresponding to the POS expression F=I (0, 1, 5) 
Write the SOP expression in © form corresponding to the POS expression F=1I (1, 3, 5) 
Write the POS expression in IT form corresponding to the SOP expression F= > (2, 3, 4) 
Write the POS expression in IT form corresponding to the SOP expression F= ¥ (0, 2, 7) 
Write the POS expression in 11 form corresponding to the SOP expression F= 5 (1, 5, 6) 
Find the canonical SOP form of the Boolean expression F(A,B,C) = AB + ABC 

Find the canonical POS form of the Boolean expression F(A,B,C) = (A+B)(A+B+C) 
What is a ‘don’t care’ term in a Boolean expression? 

Draw the circuit symbol of a NOT gate. 

What is the name of the complement of the XOR gate? 

Write the expanded output expression for an XOR operation with the inputs A and B. 
Write the expanded output expression for an XNOR operation with the inputs A and B. 
Which logic gates are called universal gates? 

How many NAND gates are required to design a NOT gate? 

How many NOR gates are required to design a NOT gate? 

How many NAND gates are required to design an OR gate? 

How many NAND gates are required to design an XOR gate? 

How many NOR gates are required to design an AND gate? 

How many NOR gates are required to design an XOR gate? 

How many NAND gates are required to design a NOR gate? 

How many NOR gates are required to design a NAND gate? 

Ina 2-level SOP circuit the AND-OR combination can be replaced by which gate combination? 
In a 2-level POS circuit the OR-AND combination can be replaced by which gate combination? 
What is the value of the expression f=1@1®1? 


7 each 
Prove De Morgan’s theorems. Simplify the Boolean expression f = (BC+ AD)(AB+CD). 443 
Prepare truth table for the Boolean expression: f1 = A+ AB + B. Simplify the following Boolean 
expression using proper rules: f2=ABC+ABC+BCD. Write the SOP expression for the 
Boolean function: £3 (A,B,C,D) = m7 + m3. 44241 
Prepare truth table for the Boolean expression: f1 = A (BC+ B 3 C). Simplify the following Boolean 


expression using proper rules: f2=ABC + ABC+ABC+ABC. Write the SOP expression for 
the Boolean function: £3 (A,B,C,D) = mio + mis. 44241 
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0) 


vy) 


vi) 


vii) 


viii) 


ix) 


x) 


xi) 


xii) 


xii) 


xiv) 


x) 


xvi) 


xvii) 


xviii) 


xix) 


Prepare truth table for the Boolean expression: f1 = + B+C). Simplify the fo, 
Boolean expression using proper rules: (2 =AB+AB AC. Write the POS Expression Ny 
the Boolean function: £3 (A,B,C,D) = Mz . Mis. 4424) 
Prepare truth tables for the following Boolean expression f1 =X Y Z+X (as + 2). Simpii 
following Boolean expression using proper rules: f2=AB+AB+AC+AC. Write the 
expression for the following Boolean function: £3 (A,B,C,D) = M2. Mis. 4a 
Prepare truth tables for the following Boolean expression f1 = XY Z + X ¥ Z. Simplify the foy, 
Boolean expression using proper rules: f2=XY +XY(YZ+ XY). Write the POS Expression "9 
the following Boolean function: £3 (A,B,C,D) = Mo . Mia. 4424 
Simplify the Boolean expression using proper rules: f = AB + ABC + BC + BCA + CA + Gig, De 
the expanded POS expression for F(A,B,C,D)=2(0,2,4, 8,9,10,11,12,13,15). 344 
Simplify the Boolean expression using proper rules: f =A (A+B+C)(A+B+C)(A+B+C)(Aag, " 
Derive the expanded SOP expression for F(A,B,C,D)=1(1,2,3,5,7,8,9,10,12,14). 30 
Simplify the Boolean expression using proper rules f = A(B+ABC)(B+A B CHATB+OAB9, 
Derive the expanded POS expression for F(A,B,C,D)=2(1,2,3, 6,7,10,11,12) 344. 


Simplify the Boolean expression using proper rules: f = CD+A+A+ CD +AB. Using 
induction show the following pair of Boolean expressions are identical: A(B+C)+B+C & B+C, 344 


+ >I 


Simplify the Boolean expression using proper rules: f = (A+AB)(B+AB). Using perfect induc 
method show that the following Boolean expression is identical to 1: £2 = (A+BYATBC)+A, 3, 44 


Simplify the Boolean expression using proper rules: f =XY+XY¥(YZ+XY), Using 
induction show the following two Boolean expressions are identical: (X+XY)(X+XZ) & X+YZ,3 44 


Simplify the Boolean expression using proper rules: f = A (B+A) D. Convert the following 
expression to canonical SOP form: F(A,B,C) = AB + BC + CA. ers 


Simplify the Boolean expression using proper rules: f =Y (YX+YZ+Y) (K(X 
following Boolean expression to canonical POS form: F(X,Y,Z) = Y (X+Z) (X+¥+Z 


Y)). Convert the 
i 344 


VOY, 


8 A 


Convert the following Boolean expression to canonical SOP 
form: F(X,Y) = X + Y. Find the equivalent Boolean expression 
between the points x and y for the following switching circuit _ 
and simplify it: 344 x} 


Convert the following _ Boolean 
expression to canonical POS form: 
F(X%,Y) = XY. Find the equivalent Cx) 
Boolean expression between the - 
points x and y for the following 
switching circuit and simplify it: 3+4 
Simplify the Boolean expression using proper 
tules: f=C(BC+BC), Find the equivalent 
Boolean expression between the points xand yfor 
the following switching circuit and simplify it: 


344 


Simplify the Boolean expression using proper rules: 
Ff =(A+C+D) (A+C+D) (A+C+D) (A+B). Find the 
equivalent Boolean expression between the points 
x and y for the following switching circuit and 
simplify it: 3+4 


Simplify the Boolean expression using Boolean rules: f = (A+B+C) (A+B+C) (A+B+C) (HB 
Show that (A+B)(A+B) = A B. Find the dual of the Boolean expression A+1=1. 343+ 
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Boolean Algebra and Logic Gates 


Simplify the Boolean expression using Boolean rules: ¢ = XY (YZ + 20). Show that AB + AB = 
AB + AB, Find the dual of the Boolean expression A+1=1, 34341 


Simplify the Boolean expression using Boolean rules: ¢ = (AB-A] - [ABB]. Convert the expression 
f 2 KYZ4XV2 4X2 into POS form. Find the dual of the Boolean expression A+A=A. 34+3+1 
Simplify the Boolean expression using Boolean rules: f = (X+xY+Y) (¥+YZ+Z) (2+ZX+). Convert 


the expression F(A,B,C) = (A+B)(B+C) into canonical SOP form, 344 
Simplify the Boolean expression using Boolean rules: f = (A+B)(B+CKAtC). Convert the 
expression F(A,B,C) = (A+B+C)(B+C) into canonical POS form. 344 
Simplify the Boolean expression F(A,B,C,D) = 2(0, 1, 2, 3, 5, 8, 10, 11), d=5(4, 7, 9), using K’map, 
Convert the expression F(X,Y,Z) = X(¥+Z)(X+Z) into canonical POS form. 344 
Write the names of the universal gates, Draw the truth table of an XNOR gate. Simplify the Boolean 
expression F(A,B,C,D) = I1(1, 2, 8, 14) using K’map. 24243 
Draw the circuit diagram for the SOP expression f = AB+AB+AB, Show how to form an OR 
logic gate using only NAND gates. 443 
Draw the circuit diagram for the SOP expression f = ABC +ABC + BC using NAND gates only. 
‘Show how to form an AND logic gate using only NOR gates, 443 
Draw the circuit diagram for the POS expression f = (A+B)(A+B)(A+B). Show how to form a NAND 
logic gate using only NOR gates. 443 
Draw the circuit diagram for the POS expression f = (A+B+C) (A+B)(A+B+C) using NOR gates 
only. Show how to form a NOR logic gate using only NAND gates. 443 
Draw the truth table for a NAND operation. Show how to form an XOR gate using only NAND 
gates. How many NOR gates are required to form a NAND gate? 24441 


A certain 4 input gate called a ABSURD gate realises the function: ABSURD(A,B,C,D) = BC(A+D). 
Show a realisation of the function f(w,x,y,z) = £(0, 1, 6, 9, 10, 11, 14, 15) with only three ABSURD 
gates and one OR gate (assume complemented inputs as available). Find the simplified POS 
expression for F(A,B,C,D = Ii(1, 2, 3, 4, 6, 9, 10, 12, 14) using K’map. 443 
Find the output F of the digital circuit shown on the right. Simplify ABC 
the output expression and draw an equivalent circuit using the 
simplified form. State if the simplified circuit can be formed using a 
single gate of a given type or not. Simplify the Boolean expression 
F(A,B,C,D)=£(0,4,8,7,10,12,14,15), d=5(1,3,9,11), using K’map. 

2+14+14+3 
Find the output F of the digital circuit shown on the right. Simplify A BC 
the output expression. Design a circuit from the simplified 
expression using 2-input NAND gates only. Simplify the Boolean id 
POS expression F(A,B,C,D)=T1(1,5,11,13,15), d=£(9,10,14), using 
K’map. 24243 
A three input logic gate called EXPLODE was mass produced by a 
company. Experimental evidence showed that the input combinations 101 and 010 cause the gate 
to explode, Determine whether the gate is useless or there Is a possibility to externally modify the 
gate (with the minimum of changes and cost) so that it can be efficiently used in other ways to 
implement any switching function without the scope for an explosion. The function realised by the 
present gate Is: f=2(0,2,3,4). Find the simplified POS expression for £(0,2,4,8,9,10,11,12,13) using 
K’map, 443 
There are 4 parallel railway tracks in a place. If three or more trains pass this place, a warning 
signal ‘S‘ flashes on. Also If trains simultaneously occupy the middle two tracks the signal flashes. 


¢ 1 Indicates the presence of a train on a track and 0 indicates the absence of a train on a track. 
« 1 indicates that the warning signal is on and 0 Indicates that the warning signal is off. 

Write down the truth table for the above problem along with the output 'S’. Derive the Boolean 
expression from the truth table and simplify It. 44142 


You are presented with a set of requirements under which an Insurance policy will be issued to an 


applicant by an Insurance company. The applicant must be: 
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« A married person 25 years or over In age, or 

« A married female under 25 years 
The variables x, y, and z assume the truth value 1 and 0 In the following cases: 

© x=1 If applicant Is married, x=0 If applicant Is unmarried 

 y=1 if applicant Is a male, y=0 If applicant Is a female 

« z=1 If applicant Is over or equal to 25, 2=0 If applicant Is below 25 years age 
Write down the truth table for the above problem indicating the options under which a Poli 
be Issued, Derive the Boolean expresston from the truth table and simplify it. 4 wh) 
A library can Issue up to 5 books to a member under any one of the following conditions: 

The member Is 18 years or over In age, and his/her book return track record is good 

¢ Amember Is below 18 years and any parent of his/her is also a member 
The variables A (age), T (track record), and P (parent) assume the truth value 1 and 0 if: 

¢ A=1 if applicant Is 18 years or more, A=0 otherwise 

¢ T=1 If applicant has good track record, T=0 otherwise 

« P=1 if applicant has either of his/her parents as a member, P=0 otherwise 
Write down the truth table for the above problem indicating the options under which the library 
issue a book. Derive the Boolean expression from the truth table and simplify it. 444 4 


‘An warehouse air-conditioning system is turned on if any one of the following conditions Occurs; 
* The weight of the stored material is less than 100 tons, the relative humidity is below 6, 
but the temperature is above 30 degrees Celsius 


« The weight of stored material is 100 tons or more and temperature is above 30 degrees 
The following input conditions can be used: 

« W=1 indicates a weight of 100 tons or more 

« H=1 indicates a relative humidity of more than or equal to 60% 

* T=1 indicates a temperature above 30 degrees Celsius 


Draw the truth table and find an expression which assumes the value 1 whenever the ay. 
conditioning needs to be turned ON. Find the simplified form of the above expression. 4414 


A safe has 4 electronic locks — w, x, y, and 2, all of which must be unlocked for the safe to ops, 
The electronic keys to the locks, In the form of magnetic cards, are distributed amongst 4 
executives in the followng manner. Mr. A has keys for locks w & x, Mr. B has keys for locks w &y, 
Mr, C has keys for locks z & y, and Mr. D has keys for locks x & z. The executives have to swig 
thelr respective cards to open the safe. Determine using Boolean algebra, the names of te 
minimal number of executives required to open the safe, 


Draw the truth table to realise the above logic. Derive the simplified Boolean expression for te 
same using a K’map. Draw the gate diagram to realise the electronic device which will sense te 
input from the cards and determine whether to unlock the safe or not. 34242 


An airplane is to be equipped with a warning system that alerts the pilot under certain conditions ¢ 
danger. The warning system monitors three instruments on the control panel. These instrument 
indicate the altitude, the airspeed, and the state of the landing wheels. The table below indicats 
specifically the relationship of these inputs to logic states. 


Two conditions of danger must be detected. First, a “Landing Warning” lamp glows if airspeed § 
less than cruising speed and landing wheels are not down, or if wheels are down and the pilot sd 
proper landing altitude but not at proper landing speed. Second, an “Airframe Warning” lamp gions 
whenever the airspeed is too fast, or when wheels are down and airspeed is above landing speet 
Also, when either lamp glows, an alarm buzzer should sound to get the pilot's attention. ‘Assume 
that logic level voltages (high=1, low=0) are generated by the warning system. Draw a truth ; 
showing the Inputs and the three outputs. Find the simplified output for the alarm buzzer. 5+ 


] 
Alktude Wheels Airspeed 9 
‘Q' Means Landing Altitude ‘0 Means Wheels Up einai aS i 
"1 Means Crulsing Altitude ‘1’ Means Wheels Down ‘01! Means Landing Speed at 
‘40" Means Cruising Speed i 
‘11’ Means Too Fast 
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Description of Combinational Circuits 
‘Circuits ” 


hen the output of a digital circuit depends on the present state of inputs ont 

t E uit de P ly and not on the 

(Ww previous set of inputs, then that circuit is known as a combinational circuit. The different digital circuits 
that We discussed in the previous chapter are examples of combinational circuits. The output of a 

combinational circuit can be fully determined by a set of Boolean functions and designed using logic gates, ) 


During the 1930's 
the logic creuits of 
ou Fa 
constru m 
‘mechanical switches, 
and relays. These 
were comparatively 
slow, large, and 
produced a great 
amount of heat. 


‘The basic constituents of a combinational circuit are a set of oe é 
input variables, lic gates to implement the Joae, and a set Tee ea Es; 
of fables, The inputs are applied to the logic gates. 2 8 i Combinational |; 3 
and the processed variables are available at the output as © § ! Logic Cirouit | i 28 
ae ad 


output variables. The input and the output are in the form 
of binary numbers or signals. The figure above shows a schematic diagram of a combinational circuit with 'n’ 
number of input variables and ‘m’ number of output variables. Let us now discuss the working principle of 
some important combinational circuits that are used in a computer. 


5.2 Adder Circuits 


The basic function of the Arithmetic and Logic Unit (ALU) involves arithmetic operations. /Of this the most 
important and basic arithmetic operation is to add two binary di its) To achievé-this, the logical 
Grout that is used is known as a Half Adder circuit. The name Half Adder implies doing half of the add 
operation as no option is there for adding any carry-in bit. George Stibitz built the first adder around 1937. 


* Half Adder Circuit: 


The basic operation of an adder circuit is to add two binary digits. There are four different possibilities as | 


(0+0), (0+1), (1+0), and (1+1). The result of addition is shown below for the two bits X and Y. We find that 
except for the last combination, the first three combinations are same as decimal addition. For the last 
combination we know that (1+1)=2 in decimal 
addition and the binary equivalent of 2 is (10), in 
base 2. For the result 102, the digit under unit's 
place is ‘0’ and ‘1’ is carried forward to ten’s place. 


The tuth table for adding two binary digits is 
shown on the right. In the table, X and Y represent 
the two binary digits, S represents the sum and 
C represents any carry forward. We can see 
that the sum is 0 when both the digits are zero or 
when both the digits are 1, The sum bit is 1 only 
when either of the input digits is 1. The carry 
output is 1 only when both the inputs are 1. 


From the truth table we can write the SOP 
expression for the sum and the gp 


By a closer inspection we can see that the sum expression of a half adder Is basically an XOR operation. 
Thus we can replace the sum expression by an equivalent XOR expression as S = X@Y. 


el 


Combinational 
circuit block 


| diagram 
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Circult diagrams of a half adder, using basic gates and using a XOR gate are given below. When multipig hay 
adders are used In a circult, to minimise complexity, the gate circuit is sometimes replaced by a block qj 

as shown, The Internal circult Is represented by a box, with input digits X and Y. The output is taken ag St, 
the sum,and C, for the carry out. ' 


oP 


Circuits for 
Half Adder 


Block diagram of 
Half Adder circuit using basic gates Half Adder using XOR gate Half Adder 


¢ /Eull Adder Circuit: 


Using a half adder circuit, we can add only two binary digits. However if we want to add two binary Numbers 
consisting of multiple digits Instead of two digits, we have to include a third bit to account for the carry input, 
Consider the following binary number additions: 


< Cany-In (2) 
=X 

ey 

<= Sum 


100 110 100 


From the first addition we can see that for the ten‘s place (circied column) we have to add (1+0)+1 (cany) 
i.e. we have to add three digits. The remaining three additions show some of the different possibilities tha 
can arise for the Ten’s place for different values of the digits X and Y. To carry out the function of adding 3 
binary digits, a Full Adder circuit is used. el 


te The truth table for a full adder circuit is given 

on the right. In the table, X and Y represent 
the binary digits to be added, and Z=Cj, 
represents the Carry-in bit of the result of 
addition from the previous column. $ 
represents the Sum, and Co represents the 
Carry-out bit generated by adding the digits X 
and Y. Therefore we have three input 
columns X, Y, Z, and two output columns 
S and Co. The min terms are also written. 


From the truth table we can write the SOP 
expressions for Sum and Carry as: 


oe 8 ABZ RDA OXYZ = KYZ#XVZ+KVZ+XYZ 


Expressionfor | = KY +X¥)Z+(KY+XY)Z = (X@Y)Z + (KOY)Z = (X@Y)@Z = X@OYOG, 


Sum in F-A. | Note that the expression (X ¥ + X Y) Is equal to the complement XY +XY ie. equal to (X6Y). 

The Inter student can simplify the complement and check the result. Also remember that a binary sum 
ope: Is always an XOR operation for any number of bits. Let us now simplify Co. 

ed Cof KYZ+XYZ+XYZ+XVZ = XYZ+XYZ+XVZ+XYZ+XYZ+XYZ [ASAtAqA] 
K+X)YZ4+ (V+ Y)XZ4+ (24+ Z2)XY =YZ+XZ+XY [As (A+A)=1] 
XV +X Cy + YC, 


Full Adder 
Truth Table 


BOO] mt] oO] ml me] O |! 


Bin ElolR/ololo 


Expression for 
Carry in F.A. 


" 


P1-6-2 140 


Rudiments of Computer Science Combinational Circuits 


An alternative expression for the carry out Cy can also be derived as: 
Cy = XYZ + XYZ + XYZ + XYZ = KY+XY¥)Z+X¥(Z+Z) = (K@Y)Z+XY 
= (KY) Gn + XY 


Various gate diagrams of a Full Adder are given below. Any one of these can be used. 


xX Y 6, x Y C, 
Sum Sum 
XeYEC,, 
any Carry 
Full Adder using XOR gate Full Adder using 2 input XOR. 
gate and alternative 
representation for C, 
Various 
representations 
| 


can also design a Full Adder circuit using Half Adder circuits. This requires two Half Adder circuits and 


an OR gate. The first Half Adder adds the two binary bits X and Y. The second Half Adder is then used to 
add the sum X@Y obtained from the first Half Adder, and the carry-in bit Cy. a a 


The sum output from the second Half Adder 
(H.A.) gives the final sum of adding the three 
bits X, Y, and C,, The alternative 
expression for C, is used to get the final 
carry-out by combining the carry-out from the 
two half adders using an OR gate. The block 
diagram for such a design along with the 
gate diagram is shown (note that the inputs for the second H.A. are X®Y from the first H.A., and Cin). 


jotractor Circuits 


ike adding two binary digits, they can be subtracted also. A Half Subtractor circuit is used to subtract 
two binary digits. In carrying out subtraction we have the difference and the borrow outputs (instead of 
the sum and carry outputs for a half adder). 


» Half Subtractor Circuit: 


The subtraction of two binary digits gives four different 
cases viz. (0-0), (0-1), (1-0), and (1-1). The result of 
subtraction is shown on the right for the bits X and Y. 


et 


Alternative 
expression for 
F.A. Carry Out 


Full Adder Carry; 


(X@Y)C,, + XY 
oR 


XY + Xn + YOu 


. 


Full Adder 
designed using 
Half Adders 


‘wo Half Adder 
circuits can b 


Half Subtractor 
Logic 
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ve | 


Truth Table | 
Half Subtractor 


We find that except for the second corrtiratnr, 
remaining three cornbinations are - Bi 
subtraction. For the second corn 
that to subtract 1 from 0 (1.2. '0 Go 0 = 1), we +, 
to borrow a1’ from the next colurnin tor the deg 
When we borrow a1’, % becornes 10, which ean 
AS 2jq. Therefore (4-¥) 6 tre 2 (2-1) ae & 
result i.2. the Difference 6 1. [nus the cigt Oe 
the Unit's place is ‘1’ and ‘1’ 6 borromed tree o” 
| next column, The truth table for binary subtraction is given on the left. ad 


| From the truth table we get the difference D and borrow B as given by the SOP expressions: 


‘As we see from the above expression, the difference operation is also 2 XOR operation sirrilzr +5 2 +, ” 

"| adder. The different circuit representations for a half-subtractor are given below. Wher muttiple hae 
"| subtractors are used in a circuit, the gate circuit is sometimes replaced by 2 block diagram 26 show How, 
The internal circuitry is represented by a box, with inputs as the binary digits X and Y. The output is taye- « 

| D for difference bit, and B for the borrow bit ad 


circuits for Half | 


Subtractor | . Difference a 


\ Difference 
per Dr fe 


x¥ ~ 
) 


| -Sfmilar to a Full Adder, a Full Subtractor has 3 inputs viz. X (minuend), Y (subtrahend) and the borrow-in By, 
from the previous stage of subtraction. At the output we have the difference D, and 2 borrow bit B, 
| generated by the current subtraction. Consider the following binary subtractions: 


| Best, Buna Bet B.A B20 Bart B.x0 B.=0 = BorowB 
10:1 0 1:10 iio = xX 
a1 < 
0210 e 


| 

ee From the first subtraction we see that for the 

ten’s place (circled column) we have to 

Truth Table for | subtract (0-1). To do this we have to borrow 

Full Subtractor | 1 from the next column. This serves as the 

| Bp bit for the current subtraction. Since no bit 

| is taken during the subtraction of the previous 

| column, the Bip bit is 0. The remaining three 

| subtractions give the different possibilities of 

| D and B, that can arise for the ten’s place for 

| different values of X, Y, and Bin. The truth 

| table for a full subtractor is given on the right 
| with Z=Biq. 


RlRlololHlHlolo| <f 
rlolelolHlolHlo| N 


RlelElplolololo| x 
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ZXYZ+KYZ+XYZ4+XYZ = XYZ+XVZ+KVZ4XVZ 
= (KY+XY)Z+(KY+XY)Z = (XoY)Z + (KBY)Z = (XOY)OZ 
= X@YSBR, 
B= XYZH#XVZ+XYZHXYVZ = KYZ#XYZ+RYZ+KYZ+XYZ+XYZ [ASAtA=A] 
= (VAN)KZE GF ZDRV+(KF+RVZ = KZEKVHYZ [As (A+A)=1] 
= XB, tXY+Y By 
aiternative expression for borrow B,: 


= KYZHKYZ+XYZ+XYZ=(KV+XY)Z+XY (Z+Z) = (KOY)Z+ XY 
= (KEY) Ba + XY 


Borrow 


Full Subtractor with XOR gate Full Subtractor using 2 input 


XOR gates and alternative 
XY By representation for By 
[rs | Various representations! 
ofa 
oD FULL SUBTRACTOR 


circuit 


Full Subtractor using basic gates _Block diagram of Full Subtractor 


pai Using Half Subtractor Circuits: & 
Full Subtractor can also be designed using Half x. 
Subtractors. It requires two half subtractors and an OR 
gate. The arrangement is shown on the right. The final. 
difference is obtained as X®Y@B,, at the D output of the 
second Half Subtractor. The final borrow-out is obtained 


by using the alternative expression for B, at the output of the OR gate. 


5.4 Multi 


le-bit Adder and Subtractor Circuits 


In general we add or subtract two numbers and not two binary digits only. To add two binary numbers we 
have to use an adder circuit for every pair of bits in the number. For example consider two 4-bit binary 
numbers X3X2X;Xq and Y3Y2¥;Y9. To add these two numbers we have to add each pair of bits i.e. Xp & Yo, Xi & 
Y,, Xz & Y2, and X3 & Y3 as shown below. The carry from each column is fed to the next column, where 
it is added as the carry-in bit along with the X and Y bits. 


G Cy 


Cy 

ae le le 

+_Y¥3 'Y2 'Y¥; ‘Yo 
&&% S S 


i 


| Full Subtractor 


XB; + XY + YBin 
OR 


| Gr bey Rr 3 


) 


| F.S. using Half 
| Subtractors 


a 


Multiple bit 
Adders 
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The circuit comprises of one Half Adder 
and three Full Adders as shown in the 
circuit diagram on the right. The adder 
circuits are shown as block diagrams. As 
there Is no carry bit for the rightmost 
column, the first circuit used is a half adder. 
The rest three are full adder circuits with 
carry in bits from the previous columns. 


The first HA block is used to add the two bits 
X & Yo. The next block is a FA as the carry 
from the previous HA is to be added now 
along with the inputs X, & Y;. In this manner 
the four bits are added one after the other 
using the FA blocks. The Co of one block is 
the C,, of the next block. The final sum is 
$3S25,S9. Each sum bit from an adder is fed 
to an AND gate. After the inputs are ready, a 
high Enable signal activates the four AND 
gates to get the sum bits at output. The 
overflow is the Co of the last full adder, 


In a similar manner we can have a 4 bit 
subtractor circuit to subtract two 
binary numbers. The block diagram of such a subtractor is shown above. 


e 4bit Adder-Subtractor Circuit: 


We can combine the function 
of the above two circuits into 
a single circuit to add or 
subtract two 4-bit binary 
numbers, 


When adding two binary 
numbers, the circuit functions 
as a 4-bit full adder. However 
to subtract the binary number 
Y from xX, the circuit 
subtracts by taking the Enable 
2’s complement of Y and 

then adding that to X. 


Let us analyse how the circuit functions. The X input is directly given to the Full Adder (FA) blocks as before, 
The Y input is however connected to an XOR gate. All the XOR gates have another input from the line 
Add/Sub. The output of the XOR gate is connected to the other input of the FA block. Note that instead of 
using a HA for the unit’s place, we have used a FA block and the Add/Sub line is applied to the C,, input of 
the first FA block. The reason for this is explained below. 


During Addition, the Add/Sub line is made low i.e. made equal to 0. We can see from 
the XOR table that whenever the a input is 0, the XOR output is same as the input b. 
Thus when Add/Sub is ‘0’, the output of the XOR gates are the same as the respective Y 
inputs. Moreover the Cj, input to the first FA is also ‘0’ and has no effect on the circuit. 
Under these conditions, the circuit functions as a simple 4-bit Full Adder circuit as before. 


During Subtraction, the Add/Sub line is made equal to ‘1’. We can see from the XOR table, that whenevet 
a Is high i.e. ‘1’, the XOR output is the complement of the input b. Thus we get the 1’s complement of the 
input ¥ at the output of the XOR gate, during subtraction. This output is then given to the FA blods. 
Moreover the high Add/Sub signal is also given to the Cj, input of the first FA block. In doing so we are taking 
the 1’s complement of the number Y to be subtracted and adding 1 to the LSB of that number. This is exactly 
how we subtract a number using 2’s complement method. Thus when Add/Sub is made high, the circuit 
functions as a 2‘s complement subtractor circuit. 


Xs Ys Xe Ye XY Xo Yo 
Sub 


Overflow 
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lexer Circuit 


multiplexer means many-into-one. It is a circuit with many inj RV, 
Epi The block diagram on the right shows an nx1 rudder tar ste ai m rorsanels 
called a MUX), where nx1 indicates there are ‘n’ number of inputs and ‘1’ output, 
rt from the ‘n’ number of input signals, there is another set of signals called 
control signals, which determine which input signal will be transmitted to the 
output. Depending upon a particular combination of the m control signals, only one 
of the n input signals is selected and transmitted to the output of the multiplexer. 


n input signals 


4 output 


The number of control bits also determine how many input signals can be 

handled by the multiplexer. The general rule is that, with m control signals a maximum 1 bit hf 

of n=2™ input signals can be selected: 6 6 
2bits 

This is evident from the fact that: 


e Xbit with 2 values (0 & 1) can be used to select 21 i.e. 2 number of inputs 00 01 10 14 
on 4 values (00, 01, 10, 11) can be used to select 2? i.e. 4 no. of inputs 66 b 
imilarly m bits with m values can be used to select 2™ number of inputs 


The next figure shows a multiplexer with 4 inputs and 1 
output. For 4 inputs there should be 2 c i 4 
= 24) to select any one of the inputs Io, Iy, Iz, or Is. Cy and 
C, are the 2 control signals. 


The control signals Cy and C, are connected to the 
4 AND such that, if we ignore the inputs Ip to Ij: 

ND gate for Ip will be ACTIVE if C,=0, and C=0 

% AND gate for I, will be ACTIVE if C,=0, and Cj=1 

e AND gate for I, will be ACTIVE if C;=1, and C)=0 

e AND gate for I, will be ACTIVE if C,=1, and C=1 

To do this, for the C) line connect the AND gates to Cy 
alternately between Cy and C, lines, starting from the NOT 


line. For the C, line, connect two consecutive AND gates 4x1 MUX 
alternately between C, and C, starting from the NOT line. 


To understand the logic of the circuit refer to the diagrams shown below. In figure 1, C=O and Cg=0. For 
this combination, AND Gate-0 will be ON as the control inputs to Gate-0 will consist of inverted control input 
from C,, which is 0 = 1 and the inverted control input from Co, which is also 0 = 1. Thus both control inputs 
to Gate-0 being 1, Gate-O0 should be ON. Under such situation, a closer inspection will reveal that all other 
AND gates will be OFF since at least one of the inputs to them is ‘0’. The input I, connected to the AND 
Gate-0 will then be transferred to the output OR gate as is indicated by the shaded gates and the shaded line. 


Similarly for the other combinations of C, and Cy only one AND gate will be ON at a time as indicated by the 
truth table in the next page. Thus each gate is ON only for a particular combination of C; & Cg and the 
input signal connected to that gate only, will pass out of the OR gate. 


C.=1 C20 


‘| | circuit can select 
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a 


4x1 Multiplexer 
circuit 
diagram 
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eles Jp) 


The MUX selects the particular input-data for which the AND gate is ON 
and transmits it to the output OR gate. Finally the OR gate combines 
the output of the AND gates and makes the final output high 
whenever any one of the AND gates has a high output. The output F of 
a 4x1 Multiplexer can be written as: 


Fa Gh tC Qh + Gh +C Cols {3 L 


« Uses of a Multiplexer: Jae 

Multiplexers have various uses in digital circuits. e are used in a common bus system where the inp. 
from various input devices are multiplexed afid transferred to the processor line, An AND-OR SOP Circuit cay 
also be made using a multiplexer, Js used in conjunction with a _de-multiplexer circuit to conney 
communication devices over long distances. aoa 


5.6. De-multiplexer Circuit 


m control signals A De-multiplexer means one-to-many. It i. ce 
0 


is a circuit which has one input and many 
outputs, The signal on the input line is 
connected to all the output lines. By applying a 
control signal, one can select the output line to 
which the input signal will be transmitted. The d, 
block diagram on the left shows a ixn 
DI ith _‘n! rn Is 
signals, The number of control bits also determines how many 0, 
output lines can be handled by the de-multiplexer. The general rule is 
with m control signals a maximum of n=2" outputs can be selected. 


4 input 


n output signals 


o 
The circuit drawn on the right shows a 1x4 DEMUX. Since the number of 
outputs is 2°=4, the number of control signals required is 2, as 
represented by C; and Cs, The input I is give AND Ds 


gates. The AND connections are made similar to a MUX. 


Depending upon the combinations of C, and C) any one of the AND 1x4 DEMUX 
gates gets enabled at a time. Suppose when (C,,Co) = (1,0) then AND. “<———— 
Gate-2 will be enabled as both of its control inputs will be 1. The input signal ‘I’ gets transmitted through 
Gate-2 and will be available at the output terminal D3. Similarly for the other combinations of C, and Cy, the 
input I will get transmitted through that gate only which gets enabled as shown in the diagrams below: 


20 C,=0 C,=0 C4 Cet C20 C1 Cat 


‘output expressions for the four outputs Dg D, D, D; are given below: 
Do=C G1, Di=C Col, Da=Ci Gil, Ds=Cy Gl 
The function of a de-multiplexer Is opposite to that of a multiplexer i.e. it is 


mainly used to transfer Information comin: a single source to 
different locations by selecting the locations using control signals. 
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« Uses of a De-Multiplexer: 
Parc can also form a common bus. 


different bus systems. For example the output from the processor can be transferred to different output 
devices like the VDU, or printer, or speaker using a de-multiplexer circuit. 
multiplexer circuit to connect. 


jon devices ave 


Secoder Circuit 


(decoder circuit is used to decode binary data and Is similar to a de-multiplexer, 
i at there are no separate data in; 


wth ve de-multiplexer is made equal to 1, then a de-multiplexer can be used as a 
decoder. The control signals of a de-multiplexer serve as the only inputs to a 
decoder. Like a de-multiplexer, m control signals can be used to activate any one of 
the n=2™ outputs. The schematic diagram of a mxn decoder is shown on the right. 
Here m is the number of 


f inputs and n the number of outputs. 


The circuit on the right shows the circuit 
diagram of a 2 to 4 Decoder. Depending 
upon the input signal combination (the 
control signal itself is the input here) any 
one of the outputs Do, D,, D, or D; 
will be high at a time. The other 
outputs will be 0. When for example (Io,[1) 
= (1,1) then Ds will be high and all other outputs will be low. Similarly for 
each of the other combinations of I, and Io, a particular output line will be 
high at-a time. The truth table above shows the relationship between the 


input and the output signals. The outputs of the decoder are given by: 


D=h bh, 


Di= ih Ip, 


«~ Uses of a Decoder: 


or to 
ina Decimal Decoder: A 


\Binary to Decimal Decoder: A Bi 
corresponding to a particular input binary combination. 


decimal digits from 0 to 9. In such a circuit, for a particular binary combination of the input signals (Is,Tz,11,1o) Decod 
the t is high correspon he decimal equivalent of the input combination. Thus for input | Pecoders 
signal (Is]pIIo) = (0011) the output D3 is high which is the decimal equivalent of (0011), [Note 11; = 3,9]. 


jongst its many uses, a decoder is used to decode the address location of. 
its OF is decoded by a decoder and the 


* ess 
mem 


can be used to. 


Decoder: 
listers. 


e combination of _adi 


utputs are used to enable 


D=hh, D3= 1, Ip 


decode a binary data to a different number 
a circuit based on the decoded input signal. 


Binary to Decimal Decoder is used to get the decimal digit ay 
The circuit has 10 outputs corresponding to the 


. Thus if the input 


Combinational Circuits 


, where the data from one bus is directed to two or 


used in conjunction with a 


mxn 
Decoder: 


2 to 4 DECODER 


| 


m Input signals Decoder 


Circuit 


n output signals 


a 


2 to 4 Decoder 
Circuit 


A circuit 


is used to decode 
4 binary number 
and activate 

‘Specific outputs: 


i 


Uses of 


struction Decoder: A decoder is also used _In the Con’ 
instructions and activate particular control lines to carry out different operations in the ALU. 


iplexer and a De-multiplex 


circurt 
is used inside the 
Control Unit of .a 
CPU 


Decmuliplenara 


a 


Wane 


A Multiplexer has many inputs and one output 


dig Waal te 
a A De-multiplexe 


er has one input and many outputs 


DR Multiplexer is used to select one input from many 
it 


Comparison b/w 
|_2< A De-multiplexer is used to select one output from. raiiltiplevar and 
qpany outputs 


Fac 


ce-multiplene 7 
| signals can select maximum of 2" inputs. 3. _m control signals can select a maximum of 2 outputs. 


eer 


ised in a Common Bus System 


ats used In a Common Bus System 
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A Multiplexer selects one input from many inputs 
and transmits it through the output line 


|< A Decoder is used to decode a binary input 


ae If there are n inputs, there Is a single output 
L 


2 If there are m inputs, then there are 2” outputs 


3 Control signals are used to select a particular input 


_3<~ Control signals serve as binary inputs 


_4<“Ttis used In a Common Bus System 


4 Itis used in a BCD to Decimal Decoder 


m control signals 


ninputs 
1 output 


m input signals 


mxn 
Decode | * 


n outputs 


5.8:cncoder Circuits 


An encoder is used to convert or encode an 
active input signal to a binary coded 
output signal. The input signal can also be an 
analogue one like a variable voltage or a rotating 
shaft. Thus functionally it is opposite to that 
of a Decoder. 


fecimal to Binary Encoder: 


The circuit on the right shows a decimal to 
binary encoder for BCD digits. Since it is a BCD 
encoder, the encoded output should have 4 bits 
to represent the decimal digits from 0-9, 


The circuit is similar to the push button 
switches in a calculator. When a user presses 2 
particular key, the ke rate 

Corresponding to the decimal digit printed on the 
button. 


In the circuit shown on the right, when any one 
of the push-buttons is pressed, the 
corresponding output _line_gets high with +V 
volts. The inputs to the OR gates attached to 
that particular line also get high. These high 
inputs are transferred to outputs Bs, Bz, B, or Bo 
depending on which OR gate/gates are high. 


For example, suppose the button ‘7’ is pressed. 
The corresponding BCD number is ‘0111’. 
| Accordingly in the input line for ‘7’, connection is 

established between the line 7 and the OR gates 
B,, B, and Bo, As a result the corresponding 


0111 in the output. 


outputs of the OR gates become ‘1’, producing +V 
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Octal to Binary Encoder: § Octal to Binary Encoder 
The Grouit diagram of an Octal to Binary encoder is shown 4 
‘on the right. There are 8 input lines from 0 to 7 for the eight 
octal and 30 y ut lines B. By Bo, corresponding to the 2 
three digit binary equivalent of an octal digit. 3 

5 

Ed 

Vv 
B, 8, 8, 
Difference between a Decoder and a Encoder 
aa - 


+R decoder is used to decode a binary data to 


Decode 


eee oe Encoder 2 
some other | An encoder Is used to encode data in some other base like 
decimal, octal, etc. to binary 


A (m to n) encoder can encode m Input signals in a given 


to n) decoder can decode m binary input signals to a 
an base to a maximum of n=log,m binary digits 


n=2" decoded output signals 


The Fact File 


| 


= When the output of a digital circuit depends on the present state of inputs only and not on the previous set of 
inputs, then that circuit is known as a combinational circuit 


= The basic constituents of a combinational circuit are a set of input variables, logic gates to implement 
the logic, and a set of output variables 


= A Half Adder circuit is a logical circuit that is used to add two binary digits. It adds two binary digits X, Y and 
produces a Sum and a Carry-Out output 


= The sum and carry expression for a Half Adder Is given by: Sum = X Y + X Y and Carry = XY 


= The sum portion of a Half Adder is basically an XOR operation. Thus we can replace the Sum circult by an XOR gate 
also. Therefore sum = X@Y for a Half Adder 


= A Pull Adder circuit is used to add 3 binary digits. These include the X, Y, and Carry-In or Cj, bits, and 
produces a Sum and a Carry-Out as output 


= Full Adder Sum =XYC,+XYC, + XV GQ, +XYG,=X@YOG, & Carry = XY+XC,+YGp, 
= Alternative expression for Carry = (X®Y) C,, + XY in a Full Adder circuit 


= A Full Adder creuit can also be designed using Half Adder circuits. To do this we require two Half Adder circuits and 
an OR gate 


* A Half Subtractor circuit is used to subtract two binary digits. In carrying out subtraction we have the 
difference D and the borrow B as outputs 


= Fora Half Subtractor circuit, the Difference D = X Y +X Y and the Borrow B = XY 


previous stage of subtraction. At the output we have the difference D, and a borrow bit Bo generated 
by the current subtraction 


* Fora Full Subtractor, the Difference = XY By +XYBq+X YB, +X YB, & Borrow =XB,+XY+Y By 
* Alternative expression for Borrow = (XY) B,, + XY ina Full Subtractor circult 


* A multiplexer means many-into-one, |.e. It is a circuit with many inputs but only one output. If there are n inputs 
and m control signals to select those inputs then depending upon a particular combination of the m control signals, 
‘only one of the n input signals is selected and transmitted to the output at a time 


"The Multiplexer output can be given as F = C; Cy Ip + Ci Co, + C1 Cyl, +C, Cols 
= A Multiplexer can be used to create a Common Bus System or to realise an SOP function 


+ ADe-multiplexer means one-into-many. It is a circuit which has one input and many outputs. Ina 1:n 
DEMUX there is a single Input and ‘n’ outputs, with 'm’ controls signals used to select a particular 


output line 


a 
Octal to Binary 
Encoder 


a 
Difference biw 


Decoder and 
Encoder 


[4 Full Subtracto? has 3 inputs viz. X (minuend), Y (subtrahend) and the borrow-in_ Bin from the | |“ 
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> Fora 1x4 DEMUX the outputs are given by Dy=C, Cy 1, = C, Col, = GQ Gl, B=C Gr 

* A Decoder Is similar to a Demultiplexer, with the exception that there are no data in, 
DEMUX, 'm’ control signals can be used to activate 2" outputs In a Decoder 

* Fora 2x4 DECODER the outputs are given by Do=f, , O=NI, Mah, B= hy 

* A Decoder can be used to decode a binary signal to a different number system or to activate 


circuits based on the decoded input signal. It is used as a Binary to Decimal Decoder, Ae 
Decoder, Instruction Decoder etc. ary | 


*  Anencoder is used to convert or encode an active Input signal to a binary coded output signal. Thus functionay 
opposite to that of a Decoder Yih, 


~\ 
put lines, Ug 
4 


* Ablnary to decimal decoder converts a binary signal to its corresponding decimal number 
*  Abinary to octal decoder converts a binary signal to Its corresponding octal number 


Ql. Fill in the blanks: 


ra To add two binary digits the logical circuit that is used Is known as a_HA circuit, 
by’ For a Half Adder, the Sum of the X & Y bits = __ X@®Y and carryC =__\' 
Xx To accomplish the function of adding 3 binary digits, a __ FA circuit is used, 
wy The sum expression of a Full Adder can also be written as_%@ 7 ‘ 
ey The difference expression for a Full Subtractor is given by D =__% 4) ‘ 
fy A multiplexer means ‘ 
9), A multiplexer circult has __1. output(s). 
ae De-multiplexer means 1 to wowy __, 
IY ADe-multiplexer circuithas___ 41 _input(s). 

A Decoder can convert data from _; to decimal. 


1 each 


Q2. Multiple Choice Questions, Select any one from the four options, 


Leach 
yv When the output of a digital circult depends on the present state of inputs only and not on 
previous set of Inputs, then such a circuit is known as a: bey 


a. combinatory circuit —b. combinational circult. c. combiform circuit d. combidigital circuit 
li The basic operation of a half adder circuit is to add: 


a. 3 binary digits —_b. 2 binary digits c. 4 binary digits d, None of these 
WY The sum expression for a half adder which adds the digits A and B is given by; 
a. AB b.AB+AB c, AB+AB d. A+B 
Wy For a half adder circult adding the bits A and B, the carryout bit expression is given by: 
a, AB b.AB_ c AB d.AB 
WY To add 3 binary digits the combinational circuit used is called a: 
a, Binary Adder b. Full Adder c. Whole Adder d. 3 Digit Adder 
wy The sum output of a circuit adding the binary bits X, Y, and carry-in C,, is given by: 
a. (X ® Y) Cin, bX@Y + Cy CX@YOC, d. (X®Y) Cy, + XY 
vil) The carry-out output of a circult that adds 3 binary digits X, Y, and C,, is given by: 
a(X+Y)CptXY BXOYOC, c. XBY + X¥Cjpy d. (K@Y)Cpy + XY 
vil” How many half adder circuits are required to design a full adder circuit? 
ad b_2_ a3 a4 
we A half subtractor circult can subtract a maximum of how many binary digits? 
a, 2 b.3 4 4.5 
A The difference output for a half subtractor circult subtracting the bit B from bit A Is given by: 
a. A+B bAB c. AB d, A@B_ 
The borrow output for a half subtractor circult subtracting the bit B from bit A Is given by: 
a, A®B b.AB GAB d AB 


P1-6-12 150 


Rudiments of Computer Science Combinational Circuits 
XI How many Inputs are there for a full subtractor circuit? 


at b.2 a3 a4 
xl The difference of a full subtractor circult Is given by an expression like: 
a. (X®Y) By b. (X@Y) By, +XY = X@Y +B, d. X@Y ® By 


xy The borrow-out bit for a full subtractor circuit can be given by an expression like: 
a. (KOY) Bn + XY b(KFY)By + XY — 6. (KOY) + XY By dX@Y+B, 


xv) A full subtractor can be formed by using two half subtractors and a: 


wx a. NAND gate b. AND gate c. NOR gate d, OR gate 

xi A multiplexer circult has: 
a, one-input, many-outputs b. one-Input, one-output 
c, many-inputs, many-outputs d, many-Inputs, one-output 

xvii). Ina multiplexer, m control bits can be used to select a maximum of how many Input lines? 

oe. ae b. 2m c. m dm 

xa The output of a 4x1 multiplexer circuit with Inputs Ip, 11, I2, Is can be given as: 
ahtlt ht b. Cy Cy lg Cy Cy + Cy C+; Co I 


© CyCy Ip + CyCy Ty + Cy Co Ty + CyCy Tg (Cy Cy + CyCy + CyCy + CyCp) (Ip +1, +1,+1,) 
a A de-multiplexer circuit has: 


a, many-Inputs, one-output b. one-input, many-outputs 
c. one-input, one-output d. many-inputs, many-outputs 
wy Tn a de-multiplexer m control bits can be used to select a maximum of how many output lines? 
am b.m ¢, 2m 2" 
yo), A decoder circuit has: 
a, one-input, one-output b. one-input, many-outputs 
c. many-Inputs, many-outputs d. many-inputs, one-output 
x5)" A decoder circult can be used to decode: 
a, octal data b. binary data c. decimal data d. hexadecimal data 
xi An encoder circuit is functionally opposite to a: 
a, de-multiplexer — b. decoder c. multiplexer d. none of these 
roy A decimal to binary encoder circult has how many Input lines? 
a.2 b.8 10 d, 16 
wowy” Adecimal to binary encoder circuit has how many output lines? 
al b.2 3 d4_ 
Q3. Short Answer type questions: leach Ss 1 
#~_Maximum how many bits can be added using a half adder circult? 2 A q 


jaximum how many bits can be added using a full adder circuit? 2 
Write the sum and the carry outputs of a half adder adding the bits A and B. 
iy White the difference and the borrow outputs of a half subtractor subtracting bit B from A. 
9 State one difference between a half adder and a full adder circult, bug cownk / Sop exp 
we one difference between a half subtractor and a full subtractor circult, bits. wo wr /SoPexp 
How many half adders are required to create a full adder clrcult? 2 
Wl)“ What Is the function of a multiplexer circuit? 
xy How many Inputs are possible for a multiplexer with 2 control lines? 4 
x State any one use of a multiplexer circult. 
x)“ What Is the function of a de-multiplexer circult? 
x. How many outputs are possible for a de-multiplexer with 2 control lines? 4y 
State any one use of a de-multiplexer circult. 
xy What Is the function of a decoder circuit? 
xyy State one use of a decoder circult. 
xvi) _ How many decoded outputs are possible for a decoder circult with 3 input lines? 2° = & 
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wat What is the function of an encoder circuit? 
ri) How many outputs are required for a decimal to binary encoder? | 
Q4. Long Answer type questions: 7 ach 
|) Which logic gate can be used to get the sum output of adding two binary digits? Draw the ty 
table of a half subtractor circuit. Draw the circuit diagram of a half adder. 14244 
ii) State any two functions of a multiplexer circuit. Show how to form a full adder circuit using hy 
adder circuits with the help of a diagram. py 
iii) Draw the truth table for a half adder circuit. Write the expression for the sum output of the Ady 
Draw the circuit diagram of a half adder circuit using the basic logic gates. DH Iyg' 
iv) Write the expression for the sum and carry outputs of a full adder circuit. How many half a 
are required for a full adder? Draw the block diagram of a 4 bit adder circuit. +144 
v) _ Draw the truth table for a half subtractor circuit. Write the expression for the difference outpyt y 
the subtractor. Draw the circuit diagram of a half subtractor using basic logic gates. 2+144 
vi) Draw the circuit diagram of a 4x1 multiplexer circuit. Write the expression for the output of a 4K 
multiplexer circuit. State one use each of a de-multiplexer and a decoder. 4414) 
vil) Draw the circuit diagram of a 1x4 de-multiplexer circuit. Write the expression for the output of ' 
1x4 multiplexer circuit. State one use of an encoder. 44241 
vill) State two differences between a multiplexer and a de-multiplexer. Draw the circuit diagram of , 
decimal to binary encoder. How can you convert a de-multiplexer to a decoder? 24441 
ix) State two differences between a multiplexer and a decoder. Draw the circuit diagram of an octal ty 
binary encoder. Write the output expressions for a 2-to-4 decoder with inputs X, Y. 2+441 
x) Draw the circuit diagram of a 3-to-8 decoder, State any two differences between a decoder and a 
multiplexer circuit. 542 
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CHAPTER 6 


ee ee Operating System 

Software and Its Types 6-1 

* Operating System 6-4 
«> The Disk Operating System (DOS) 6-11 


ardware form the building block of a computer. It consists mainly of the CPU, memory module, 
H input/output devices and storage devices. However computer hardware cannot do anything on its 
‘own and it has to be instructed to do any desired job. A sequence of instructions needs to be given to the 
computer in a language that the computer understands to make the hardware work. Such a set of 
instructions is known as software. 


Depending upon the nature of the work computer software can be 
divided into two main categories. These are System Software 
and Application Software. 


« System Software 


software include software that are used to run the 
computer and manage its different resources. These help in 


Application 
the proper and easy use of the computer system and its Sofware 


maintenance. In general, system software is much closer to the 
actual hardware than the application programs 


1. Operating System: The Operating System is the most 
significant system software, which acts as a link between 
the hardware and the user. Various application programs 
are written to work with the Operating System. The user | = Hardware 
interacts with application programs, which in turn interact with P ‘Mama HOD 
the computer hardware through the Operating System (OS). 
Baamples of various OS indude DOS, UNIX, Linux, Windows, 
Mac-0S etc. 


The Operating System consists of a set of programs that are used to do its various functions like Process | 


Management, Memory Management, Input/Output Control, File Management, Security Control, Command 
Interpretation etc. These functions are explained below. 


a) Process Management: When a program is executed, it is broken down into smaller units called 
Processes or jobs. Each process acts as a unit of work for the processor and shares the 
computer resources like CPU, memory, files and input/output devices. A multiprocessing system has 
Many processes which run together. The Process Management Module of the OS is responsible for 
creation, deletion and running of several processes simultaneously. 


Ina multiprocessing system, all processes residing in the main memory can be in one of the following 
three states as shown by the 3-state model or the Process State Diagram. 


i, Ready Process: Any new process entering a New Job Job processing 
system must initially go to the Ready state. arrives The CPU is completed 
There it waits in a queue with the other allocated to the job 
Processes to be processed by the CPU. Thus for execution 
there can be several processes in this state. 


Running 


li, Running Process: Processes can enter the vo 
Running state via the Ready state only. In the completed 
Running state the process has control over 
the CPU and uses it to get executed. Though Three state model of a process 


Process waiting 


Blogked for 0 completion 
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Many processes can be in the Ready or Blocked states, but only one process can be jn 
Running state at any instant for a single processor. he 


il, Blocked Process: Processes normally leave the system from the Running state after its exec 
In the event of an input/output operation, or an interrupt, the Running state of a pr ay 
changed to Blocked state. Once the input/output operation is completed, the process can ,* 
move out of the Blocked state to the Ready state for execution. LJ 


b) Memory Management: To optimise CPU utilisation a computer system loads several Programs j 
Its main memory. Every program in turn Is broken down into a number of processes before execute 
When a new process Is created, a portion of the main memory Is allocated to that prog,” 


Similarly when a process execution Is over, It Is removed from the main memory and the Ty 
reallocated to some other process, 


As the total avallable memory space (i.e, RAM) Is constant, the operating system uses various Memo, 

management schemes, like virtual memory, to meet the simultaneous memory requirement of \ 
processes, The Memory Management Module of the OS is responsible for the allocation and 
allocation of memory space to various programs. 


¢) Device Management; Several input/output devices (like keyboard, mouse, monitor, printer, etc) ay 
attached to a computer system. Each device has its special hardware and specific | 
called the device driver which can operate that particular device. Any other program wanting to 
that particular device uses the device driver program to access the device. The device driver in tun 
communicates with the input/output hardware. 


The Device Management Module keeps track of the input/output requests from Vatioy 
processes, Issues commands to the input/output devices and ensures correct data flow between then, 


File Management: A computer stores data In units called files. When a user creates a file, the 
OS gives a unique file name to the file and allocates space for storing the file in the system, To 
the file the OS opens the file and retrieves the data stored in the file. The File Management Modul 
deals with creating, naming, storing, retrieving, organising and security of files, 


Files can be grouped together and stored in units called folders. A particular folder can aan 
have sub-folders, forming a tree structure. The OS Is responsible for creating and Maintaining the 
folder structures and keeping track of which file is stored in which folder. When working with seve 
files the OS also keeps track of which file Is opened for reading and which one for writing. 


e) Security Management: Unauthorised access to information stored In computers is not desired, Eady 
operating system has a security mechanism to protect the files and programs running in the compute 
from unauthorised access, The Security Management Module of the computer is responsible fr 
protecting the computer system from misuse and ensures a smooth run. 


File security can be provided by using individual or group level passwords. A user or a grou d 
users with only the correct password can access a file, Moreover a file can also have a read-only a 
read-write access. Accordingly a user with a read only access will not be allowed to write into a fie 


d) 


f) Command Interpretation; A user Interacts with the operating system by means of seve» 
commands provided by the OS, The Command Interpretation Module takes care of Interpreting ts 
user commands and making the system resources to handle the requests. 


. Text Editor: A text editing software Is used to type In some text and store It. One can open the text ft 


In the editor for editing purpose also, This utility is used mostly by program developers who use it to Nit 


the source code of a high level language. The source code written using the editor can then be transit! 
to form the executable program, 


The first generation of editors were called line editors and could be used to edit a full line of text Be 

to modify a single character the entire line had to be re-entered, The MS DOS text editor EDLIN is? 
example, Next came screen editors, were the cursor keys could be used to move up or down the sort 
and edit the file. UNIX operating system's vl editor Is an example, At present we have window pas 
text editors, A mouse can be used with such an editor to easily navigate through the file and edit t. 


, Program Translator; These Include programs lke assemblers, compliers, and interpreters. The my 


purpose of these programs Is to translate a program written In assembly language or in a high Fh 
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language (like BASIC, C++ etc.) to machine language that the computer understands. The different types 
of translators used for this purpose are discussed below: 


a) Assembler: An Assembler is used to translate a program written in Assembly Language to my 
Machine Code. Since an assembly program depends on the machine architecture, thus assemblers _ 
are also machine dependent. The input to the assembler is an assembly language program or a Assembler 
source program, and the output is a machine language program also called an object program. 
There is a one-to-one correspondence between an assembly language statement and its machine 
code generated. Netwide Assembler or NASM is an example of an assembler. 


Given an assembly language program, an assembler first checks if the program is syntactically 
correct or not. Next it checks if all the identifiers and labels used in the program are properly 
defined. If everything is ok, only then is the program converted to its proper machine code. 


Tt may be required to scan the source code twice by the assembler to produce the final object file. | 
Accordingly we have a two-pass assembler. In a two pass assembler, the first pass of the source | 
code is used to process the various symbols used in the program and the second pass is used to 
generate the actual machine code. 


b) Interpreter: An Interpreter is used to translate a program written in a high level language to 
machine code and simultaneously execute the converted code, 


In an interpreter, each statement from the high level language is translated and executed one 
statement at a time. In this way the whole program gets executed. This is unlike a compiler where | 
the entire source code is translated and converted into an object program in one go. Since no object 
code is prepared and saved in case of an interpreter, every time a program is to be run it needs 
to be translated or interpreted. Thus it takes more time to run an interpreted program as 
compared to. a compiled program. Since the program is executed by 
interpreting the program line by line, thus an error can be 
detected more easily and rectified. Original BASIC is an example. 


c) Compiler: A compiler is a language translator that first takes as 
its input the source code from a high level language. The entire 
program is then translated and saved as a machine language 
code called the object program. In case the program needs to be 
modified, the source program needs to be reloaded, modified and 
compiled again. However, a compiler only creates an object 
program. It does not execute the program. 


| 
| 
| 
| interpreter 
| 


Apart from compiling a source program, compilers also check 
syntax errors and generate a list of error messages when it 
finds errors and does not produce an object code unless the errors 
are rectified. However a compiler cannot detect logical errors. 


Compilers are language specific, i.e. each high level language 
will have its own compiler program. Thus one cannot use a C++ 
compiler to compile a source code written in FORTRAN. The 
flowchart of the compilation process Is given above. 


Difference between Interpreter and Compiler 


cue, compiler 
1, The whole source code Is translated before It Is run 


a 


Difference biw 


= Interpreter & 
2, The compliation creates an object code that needs to | Compiler 


be linked before It can be run 
3. Acomplied program has to be complied only once and 
run as many times required 


4, As the whole program Is complied at once, It Is 
difficult to locate the error 


5, The running time of a complied program Is less 
6. Example of complied program Include C, C++ 


“interpreter 
1. The source code Is translated a statement at a time 
and run 


2. The translated program Is run automatically after It is 
Interpreted 


3, Every time the program Is run, It needs to be 
Interpreted 


4, As each statement Is translated one by one, It Is easy 
{0 find errors in a translated program re 
5. Running time of an interpreted program Is longer 


6. Example of interpreted programs Include BASIC 


155 P1-6-3 


Mg 


Linker 


& 


Application 
software 


or 


Operating 
System 


Part 1: Chapter 6 


4. Linker: A large program is usually written by a 
team of programmers. A particular programmer 
can write the code for one or more modules that 
form a part of the entire program. Each module 
can then be separately compiled to produce the 
respective object codes or object programs. All 
such object programs are then combined together 
to produce the final program. A Linker is 
system software that is used to combine or 
link two or more such object programs to 
produce the executable form of the final program. 
The flowchart given on the right shows the working of linker software. 


During writing a program, the programmer may include codes from the inbuilt library of Pre-compiley 
functions for doing some specific jobs. The linker in that case is also responsible for linking the Objery { 
codes for those library functions to the original program. i] 


Loader: The executable program code produced by the linker is stored in the secondary storage like the 
hard disk. To run the code, the program needs to be loaded into the primary memory ¢ 
execution by the operating system. The purpose of the loader is to do this job. In the process it takes 
help of another software called the relocator. The relocator is used to adjust the relative add, 

of the different sub-routines in the executable program as per the requirement by the Prima, 
memory. The loader forms a part of the operating system nowadays. ny 


6. Debugger: A debugger is a system software that is basically used to debug i.e. remove errors from the 
source code of a program. It can be used to run a program in a controlled manner to check for any error. 
The debugger can be used to make a running program halt at predefined check-points to view the Values 
of various parameters in the program. This helps to detect and rectify an error in the code, if any. 


7. Library and Utility Programs: These are common set of library programs that are used to do certain 
utility jobs like finding files, compressing files, ordering files, disk defragmenter programs, anti-viny; 
programs etc. These programs are usually part of the utility functions provided by the Operating System, 


¢ Application Software 


Application software are user developed programs that are made to carry out some specific jobs 
like processing a payroll file, solving equations for scientific application, processing language, or doing graphic 
designing. The user interacts with these application programs, which in turn interact with the operating 
system to carry out the desired work. These can be tailor-made software serving a specific purpose or 
general purpose software developed for some general use. 


Tailor-made software are written for specific purposes like stock management, school management, 
hospital management, payroll calculation etc. Programs to control the working of specific automated 
production facilities in a factory also fall in this category. Therefore tailor-made application programs are used 
to cater to the needs of a particular company, manufacturing unit or organisation. 


Another type of application software are general purpose software. These include utility software that 
are used to do common business oriented jobs or scientific analysis. These software are used to do 
word processing, spread sheet processing, database handling, presentations, computer aided designs, 
electronic mailing, desktop publishing etc. These are usually available as bundled packages like MS Office, 
Corel Suite, Adobe Smart Suite, AutoCAD etc. The major advantages of such software are that they are pre- 
tested, feature rich, professionally developed programs that are usually easy to use from a user point of view. 


6.2 Operating System 


We have seen that an operating system forms the most important system software in a computer system. In 
this section we will discuss about the various types of operating systems, and some of their common features 


Based on the way a user Interacts with a computer and the way the computer carries out the jobs 
assigned to It, one can broadly classify operating systems into the categories as described below: 
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a) Mainframe Operating Systems; These operating systems serve mainframe computers yhich can 
consist of thousands of GB of data, These computers can be ised 95 wel) servers, busNess servers, In 
railway booking office, stock exchange, etc, where a large number of people access tha computer at 'N6 first operating 


any time. Thus operating systems for mainframes are specially devdoped for handling large volumes of este ined foro 
data and can process many jobs at a given time, Example of suct an operating system is 08/390, 1/0, developed in | 
1956 by General 


b) Batch Processing Operating Systems: Such an operating system is used for processing set of | Motors for IBM 704. 
jobs without any human intervention. The jobs submitted by the users are collected by the computer } 
in a batch and are put in an input queue, The computer then processes each job one after the other CC Ee 
without any Interaction from the user, 

| In the early days of 


‘A batch operating system inputs a set of separate jobs and processes each job one after the other in a | 5, each time a 
first-come-first-served basis, To separate one job from another, special languages called Job control | manufacturer 
Janguages (2CL) containing contro! statements were Introduced, The control slalements were used by | fought out anew | 
the operating system to Identify new fobs and determine the resources needed by the Job during | machine, there | 
execution. Usually every program or data set were preceded and followed by such language statements, Wee ne 


Operating system. 
‘When a job Is completed its output is usually printed or stored in a file, However a delay Is there between 
the job submission time and the job completion time, This delay Is called the turnaround time, Ras 


Batch processing Is sultable for jobs requiring a large number of calculations without human Interaction, Master Controt 


indude Program operating 
Bamples payroll file processing, weather forecasting, statistical analyss etc, system was the first 


However a batch operating system has the following disadvantages: bed! hah 
entirely Ina 
* A batch operating system does not Interact with the user when a job Is under processing and the | level language 


users have no control over any intermediate result of the processing, ESPOL, and for the 
* The turnaround time can also be high which may not be desired at times, Hsodpll e ea 
memory. 


) Multiprogramming Operating Systems: Multiprogramming means Interleaved execution of two or | 
more different independent jobs or programs by the same computer, Such a type of operating system 
allows more than one program to be stored in the primary memory simultaneously, Proper memory 
management techniques are needed to do this. In case several jobs are in the ready state, then the 
operating system should be able to decide the order in which the jobs need to be executed. Moreover 
when several processes are running together, each one should run Independent of the other, 


« Multitasking Operating System: A multitasking operating system can handle multiple tasks ty 
together by applying multiprogramming techniques, When multiple programs are running in a 
computer, each is broken down into a number of smaller processes, When ane process of a particular | Mu'titasking 
program has finished using the CPU and is ready to do 1/O operations, the CPU Is allocated to a | °° 
process of another program which needs execution, The CPU switches from one process to another 
almost instantaneously and to the user gives the Impression of simultaneous operation of all the 
programs. Examples of multitasking operating systems are UNIX, Windows, Linux etc, 


¢ Multiuser Operating System: Such an operating system allows multiple users to access a 
computer through more than one terminal, Railway booking systems use such an approach, 
where a number of user's can access the main server computer from various terminals spread across a 
wide area network. Examples of such operating systems are UNIX, Linux, Windows2000 etc. 


* Multiprocessing Operating System: A hardware Implementation of a CPU may have multiple 
independent that work in parallel, Such computer systems are required for advanced 
scientific research and commercial applications which require a great deal of processing power. An 
operating system that supports such a hardware configuration and helps to share the limited resources 
of the computer amongst the different processors is called a Multiprocessing Operating System. 
Examples indude UNIX, Linux, Windows, 


¢ Time Sharing Operating Systems: Such an operating system allows various users to share the yy 
total available time of the CPU, memory and other resources of the computer system under Its | to sharing 
supervision, Timesharing is the process by which many users can simultaneously use a computer os 
system such that each user Is given the Impression that he Is using hls own computer. A computer 
system achieves this by using a task-scheduling algorithm that allocates a very short period of the 
CPU time (known as a time slot) to each user one by one. Once the last user |s accessed, the process 
again starts from the first user, Examples of such systems are the VAX/VMS and UNIX workstations. 
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iP 4) Real Time Operating Systems (RTOS): These types of operating systems are used in places 
the response time required for data processing is critical. Examples of such processes x, 


& 


Real Time OS traffic control, nuclear power plant monitoring, flight control of artificial satellites, rea! time si 
etc. Such types of operating systems are designed to respond to external interrupts that Tagg? 
immediate response of the computer system. Examples of such OS include LYNX, RTX etc. me 
te e) Network Operating Systems (NOS): This type of operating system is used in Comput, 
connected in a computer network, like a Local Area Network (LAN). Such an OS is capable of 
Network OS not only the resources of the computer system where it is installed, but also handles communis, ? 


from other computers connected to it. To access resources from other computers, a user may hava, 
log into the remote computer using proper password. One of the main advantages of using a Netieg 
operating system is to utilise common hardware resources like printers connected to the network, 


Examples of network OS include Windows2008 Server, LINUX etc. 


f) Distributed Operating Systems: In such a system, several computers that are connected 
process a given job by sharing the job load between them. An operating systern that Uppy, 
distributed processing should have special features to coordinate the operations and flow of data betviee 
the participating computers. a 


Unlike a network OS, in a distributed system, the user remains unaware that the job is bei 
processed in a distributed manner. To the user it appears that the processing is being done " 
single processor system. The operating system carries out all the operations required to Seattegg, 
perform the processing in a distributed manner. AMOEBA is an example of such an operating system, 


| 9) Personal Computer Operating System: These types of operating systems are used in PCs ang mm 
| usually meant for home use. Such an OS does not have the full features of a normal operating system and 
have features more suited for home use. Examples include Windows 2007 Home edition etc. 


ture of an Operating System (OS) 


Modern operating systems have a layered structure. The bottom-most layer forms the hardware interface pat 
of the computer and the outermost layer forms the user interface. In between these two layers are the Other 
layers of the operating system. Each layer is responsible for a set of functions and communicates with the 
layers below and above it. 


em | a) The Kernel is the innermost layer and is the central controlling part 

of the operating system. It always resides in the main memory and 

OS Kernal | directly communicates with the hardware of the computer. A typical 

kemel contains programs that are used for the basic functions of an 

| operating system like process management, memory management, 

input/output device management. It also includes low level security 

features and interprets the commands supplied to it by the command 

line or GUI of the OS. The kernel is also that part of an operating system 
that a user cannot replace or modify. 


oa b) The Shell is the layer next to the Kernel. It usually serves as the user 
08 Sheil | interface through which the users interact with the operating system and acts as a command 
interpreter. The shell also manages running of multiple application programs. The shell can bea 
| command line interface (like in DOS) or a graphical user interface (like in Windows or Mac). A aiven 
| operating system can have both a command line and a GUI shell, or more than one command line shels 

as in UNIX. The user can switch between the two as per his convenience. 


| In some operating systems like UNIX, the shell also provides the platform to write programs that can be 
| used as user defined commands. Several such commands can be combined to form a shell script which 
can be used to perform a specific operation. 


oP * Types of User Interfaces in an Operating System 

Types of OS | An operating system provides an interface through which the user interacts with the system. Common types 

Interfaces | of interfaces include Command-Line Interface (CLI) or Character User Interface (CUI) like DOS, and 
| Graphical User Interface (GUI) like Windows and Mac OS. In a CUI, the commands are to be typed to be 
| executed. In a GUI a pointing device can be used to click on icons or menus to execute a command. 
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a) Command Line Interface: Also called a Character User Interface, 
here the user interacts with the operating system by typing 
commands on a command line. Various commands need to be typed 
for carrying out various jobs like creating, deleting, editing, renaming 
oF printing a file. Usually each command represents an executable program, which is run when the 
command Is typed with the proper parameters. This program in turn carries out the required task based 
on the parameters supplied. For example, when the DOS command ‘de/ useless.tt is typed and run, it 
runs the executable command file del to delete the text file useless. txt from the current folder. 


b) Graphical User Interface: Alternatively a user-friendly { 
graphical interface can be used to cary out the required B az 
interfacing. A GUI provides a window and menu based ta 


graphical interface that can be operated by using a pointing 


Adobe Photny MSean or Yeunes rg wean 


device like a mouse, The mouse can be used to point and click on | echoed shinies 
command button pictures or icons to execute commands, open J co4 Como ecto ee 
folders, or run programs. Thus users no longer have to remember | Cod vasere ; 
commands to type and execute them. 


Serta » 
te 


Lewes 
Moreover, as similar type of icons or pictures are used to (U 
represent the same type of command, the user does not ||” J tsterea 
have to remember various command names for doing the same 
job in different programming environments. 127) ‘ens igs Ce 

| Prowarties 


Thus to delete the file useless. oct, the user simply may have to ___——= 


dick the right mouse button over the file icon and select the Delete option from the drop-down menu | 


displayed. By dicking on that option, the file will get deleted. 


Differences between CUI and GUI 


Character User Interface 


TL. Commands have to be typed in the command line to 


exearte them commands 
TZ Commands need to be remembered to be able to type | 2. Commands need not be remembered as they can be 
| and exeoute them executed by simply clicking on icons 


3. Different programs may have different commands for 
the same job. While Ctrl+x is used in the EDIT 
application of DOS, the Shift+Del key is used in the 
Turbo-C program interface to CUT a portion of text 


. Usually an universal icon is used to represent a 


particular command. For example to CUT a portion of 
text the symbol 3< is used for an icon in all GUI based 
applications 


| 4. Drag and drop features are usually absent. This 
| malkes the execution of certain commands lengthy 


.. Drag and drop features are available which make 


certain command execution easier 


5. These are less user friendly 


._ These are more user friendly 


[6 Example: DOS 


. Example: Windows, Mac 


+ File and Directory System 


The operating system maintains a directory or folder structure to store data in a computer storage media like 
a hard disk or a CD, The data is stored by the computer system in the form of files. 


A file is a collection of related data or information that is stored in a secondary storage media. A file 


can be either a data file or a program file. A data file basically stores data or information and can be | 
numeric, alphanumeric, or binary in nature. On the other hand a program file contains code that can be | 


executed or run. The various types of data files are discussed later. 
A fille can be characterised by the following properties: 


* File Name: Each file is identified by a file name. The file can be accessed by using this name. 
Different operating systems may have different rules for naming a file, 


* File Extension: An optional extension name which can be used to specify the type of the file. For 
example a word processed document may have an extension of doc or docx, 


* File Date and Time: Along with the data, each file also stores Information related to the date and 
time of its creation or modification. 


* File Length: The total byte content of the file called the file length Is also stored. 


159 P1-6-7 


a 


Command Line 
Interface 


a 


Graphical 
User Interface 


The XEROX Alto 
was an early | 


Difference b/w 
CU! and GUI 


a 


File and Directory 
System 


oP 


Data File Types 


oF 


Common File 
Extensions 


Part 1; Chapter 6 


= File Protection Attributes: A file may also have certain file protection attributes like 
archive, system or hidden, which determine the type of file access given to the user. A readeny, 
file can only be read and cannot be modified by the user. Similarly a hidden file will not be visi 


user. Usually system files are kept as hidden files so that these are not deleted accidentally. 
The various operations possible on a file Include: 


= Read Operation: To read the information which is stored in the files. 

« Write Operation: To insert some new data Into a file. 

= Rename Operation: To change the name of a file. 

= Copy Operation: To make a copy of a file from one location to another, keeping the original, 
= Sort Operation: To arrange the contents of a file in a particular order. 

= Move Operation: To move a file from one location to another. 

« Delete Operation: To delete a file. 

» Close Operation: To close an opened file. 

= Modify Operation: To modify or change the contents of a file. 

« Execute Operation: To run an executable file. 


Every file has a file type as specified by the extension of the file. It basically states the appl 
program to which it belongs. The file extension is used to tell the computer the application program tha 
be used to retrieve the contents of the file, For example a file with some graphic content like a drawing q 
painting or a photograph can be opened by the Paint or the Photoshop application program, a 


Therefore data files are classified according to the way application programs use them. A file Manageny 
system in general supports the following categories of data files: 


a) Transaction File: Such a file is used to store input data temporarily until it is processed, For exam 
transaction file may temporarily store the weekly data of employees in an organisation. Such informay) 
is later required while processing the payroll file, 


b) Master File: Such a file contains all the current data relevant to an application. Master files coy 
descriptive data which are permanent in nature, such as ID, name and address of an employee in 
organisation. The data in transaction files is used to update the master files. For example, to calculate 
weekly pay of an employee, the weekly data from the transaction file is combined with data from mas) 
file by the payroll program. The master file is finally updated with the new data from the transaction fie 

) Output File: Some applications use multiple programs for data processing. In such an application, 
output produced by one program is used as an input for the next program. Here the temporary output 
the first file is stored in a file called the output file. The second program in turn inputs from this file, 


d) Report File: Data processing applications need to generate various types of reports based on ws 
queries. A report file contains a soft copy of such a report, The report file is usually stored in an elec 
format before it is printed to get a paper copy. 


e) Backup File: Such a file keeps a copy of a given file as backup. In case the original file gets corrupted 
deleted accidentally, then the last saved data of the file can be retrieved from the backup file. 


Some common file extensions and their meaning 


File Type 
‘bat 


Description ¥s 

: A text file containing a sequence of operating-system commands for execution sequentially 
-bmp, .gif | All these are extensions for graphic files like drawings, paintings, or photographs. These can be 
Speg, Jpg __| opened by applications like Paint, Photoshop, Picasa, etc. 

scab These are cabinet files which are used to organise and store compressed installation files 

Abf, «mdb _| Database file 

doc, docx _| Microsoft Word file 


exe Executable file le. a program file that can be run. Can be an application program 
mn html _| A web file written using the hypertext markup language or HTML 


| lof __| Typleally, each .cab file contains an associated Information file, with further Installation informal 
-Mp3, .mp4_| Compressed audio/video file 
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A simple text file written using ASCII characters. Example a Notepad file 
Microsoft Windows audio file 


Microsoft spreadsheet file 


Another Important aspect of a file is how the file is organised. File organisation basically deals with how 
the data records are physically organised in a file. The organisation is based on the ease of data 
retrieval and the nature of storage. The four commonly used methods of file organisation are: 


1, Serial file organisation: In a serial file, the records are stored in no particular logical sequence and 
are stored serially one after the other. Normally the records are stored in the file in chronological order 
ie. aS and when they are created. 


2, Sequential file organisation: In a sequential file, the records are stored in a particular order with 
respect to a given field of the record. This field can be a key field like the primary key of the file, or a 
non-key field of the file. 


3. Indexed file sequential organisation: In an indexed sequential file the records are physically 
ordered with respect to a search key in the file. In addition to that, a primary index for the file is also 
maintained, The index helps in search operations. 

4, Direct or random file organisation: In a direct file the records in the file can be accessed directly 
using a special process on the search key of the file. The process helps to find the location of the record 


in the file at a very fast rate. 
Directories (or folders) are used to Folders! 
other directories or files Directories 


and put them under a common 
fheading. Each directory can have a 
number of entries, one per file. 
When a file is created, a new entry 
for the file is created in the directory. 
When the file is deleted, the entry 
for the file is also deleted from the 
directory listing. Using directories it is FI ; 

possible to separate and store files Various files 


under various logical headings, ineach 

thereby helping in file search. = folder ql 

All modem operating systems use a Tree structure of Folders or Directories 
hierarchical or inverted tree like 


directory structure. In such a structure there is a main root directory which in tum can have several 
subdirectories, and so on. Each directory can also store one or more files. 


The diagram shows one such directory structure. Here the C drive forms the root directory, which has the 
subdirectories ‘Schoo/, ‘Home, and ‘Misc’. While the ‘Home’ sub-directory contains several files, the ‘Sa?00/ 
subdirectory again contains two sub-sub directories namely ‘Word and ‘Prof. Each of these sub-sub 
directories in turn contains several files. 


Difference between File and Directory (or Folder) 


Folder of Directory 


1. Itis a place to store a set of related files or other 
folders 


2. Directories do not have such extensions 
rectory = 
3. Various file organisations include — serial, sequential, % pty one on ater ad ate 
indexed sequential, and direct file organisation directory per user organisation 


4. A given file cannot contain other files 4. Agiven folder can contain other folders 


1, A file is a collection of data arranged in a given order 


2. Files can have file extensions to Indicate the type of 
tthe file or the application program to be used 
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+ File Allocation Table 


Filo Allocation | Pata iv a computer Is stored In a secondary storage device lke a hard disk. To store data each harg iy 
Tablo | Sutface Is divided Into small logical blocks. Each block forms the minimum storage unit for day, 
during file read/write operations. During a read operation, the whole block containing the required dat, ‘ 
a read, Similarly during a write operation, the whole block Is written Into the disk. 
| Computers 


| maintain on the 
| disk, a tab 


In some operating systems a single sector forms a block, while In others several sectors form a ch 
which in turn forms a block. When a new flle Is created, an operating system allocates space in the hard hy 
to store that file In several blocks depending upon the file size. 


Computers maintain on the disk, a table Indicating the block location of a file. This table is known as 
File Allocation Table or FAT and helps the computer to locate a file easily by serving as an index. When i 
fle Is written to a disk, the operating system checks the FAT for an empty area, stores the file there and t 
writes the file location in the FAT. When an existing file Is deleted, the entry of the file from the Fay ig 
| removed. The FAT therefore forms the most important area in a disk as It stores information regarding 
the location of a file and the availability of free space to store new files. 


i e Booting 


Booting | In the early days of computing, a program had to be manually input to the computer before it could be use 
~ | The next step In computing was to automatically load the programs prepared offline, through some inpig 
| device, The procedure of starting a computer by loading the basic components of the Operating 
| system Into Its main memory Is known as booting. The word has come from the term “bootstrapping? 
which basically means pulling the computer up by its own efforts. 


The sequence of steps that are carried out during a general booting are given below: 


«After starting the computer, the instruction register (IR) is automatically loaded with a predefined 
location, from where the execution of instructions starts. The primitive bootstrap program which is usually 
stored In the ROM is located at this memory location. 


= The bootstrap program performs certain tasks when initiated. One of its tasks is to run a diagnostic tes 
that checks the state of the various components of the computer system. This is called the Power On 
Self Test (POST). It consists of testing the system bus, internal clock, video display card, RAM, keyboard 
and disk drives. If the test Is successful the speaker emits a short beep. é 


-& woes) | » If the POST check is passed, it reads a simple block of code from a section of the hard disk called the 
boot sector and loads it into the main memory. This block of code stores information regarding the 
location of the remaining portion of the bootstrap program, which is loaded next. 


| = Once the full bootstrap program is loaded, it can then locate the operating system kernel and device 
drivers and load them into memory to finally make the computer running. 


Depending upon the way a booting takes place, there are two different types of booting processes as 
| discussed below: 


em a. Cold Booting: The first process to carry out when a computer is tumed on is to initialise the 

microprocessor. Next the Power On Self Test (POST) is carried out. It consists of testing the intemal 

Cold and Warm BUS, Internal Clock, Video Display Card, RAM, Keyboard, and Disk Drives. If the test is successful the 

Booting speaker emits a short beep. Then the components of the operating system are loaded into the main 
Memory. This is known as Cold Booting. 


b. Warm Booting: If for any reason the computer hangs while working, it needs to be restarted to make it 
| functional. A computer can be restarted by pressing the Ctrl+Alt+Del keys simultaneously. When this is 
| done, the computer restarts by skipping the RAM test. This is known as Warm Booting. 


ee e Spooling 


Spooling | Spooling or Simultaneous Peripheral Operations On-Line Is a technique used to solve the problem of speed 
mismatch between the processor and peripheral devices like printers, keyboards etc. 


The CPU works at a much faster speed than input/output devices like keyboards or printers. Thus when @ 
slow I/O device Is inputting or outputting bytes to or from the main memory, the CPU remains idle for @ 
large percentage of the Input/output time. Until the input/output operation is over, the CPU cannot 
process the next data, 
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x spooling reduces this CPU idle time by first placing all the data that comes from a slow input device, on 
te hard disk before It Is loaded Into the main memory. Similarly, after execution by the CPU, data in the main 
memory is first written to a magnetic disk before it is output through a slow output device. As interaction of | 
the CPU with the high speed storage medium like a magnetic disk is much faster than that with the much | 
ower I/O devices, this reduces the CPU idle time considerably. | 


when the CPU makes a request to use a slow I/O device like the printer, then instead of using the printer to | 
pent the required job as and when generated by the CPU, the operating system opens a special file called a 
p00! file in a special directory called the spool directory. The output data to be printed Is then stored in 
the spool file. The file Is closed after the CPU finishes generating the data for printing. A special process 
then releases the entire data stored in the spool file from the disk to the printer in line with the slower speed | 
of the printer. 


«Virtual Memory ay 


To run a program it has to be loaded into the main memory. However a process can be loaded into the | ' 
memory only when sufficient main memory is free to load the entire process, Due to this, a process may be "tual Memory 
kept waiting before starting execution till sufficient main memory Is free. This delays the execution of the | 2 


process. Moreover if the main memory size is smaller than the process size then the process can never be 
loaded into the main memory and executed. | 


A memory management scheme called Virtual Memory overcomes this problem. It allows the execution of | | allows the 
processes even in case of insufficient free main memory. To do this, a portion of the memory of a high speed | ¢xecution of 
secondary storage device like a hard disk is used along with the main memory. The operating system uses | Processes even in 
this secondary memory as an additional memory area to the main memory. A special process called “4% of insufficient 


wrapping is then used to transfer blocks of data between the secondary storage and the main memory | |free main 
(RAM) as per requirement. Using swapping techniques the operating system manages the two memory areas | | ™¢mory by using 
in such a manner that users feel that they have access to a single large main memory. | secondary 


DOS or Disk Operating System was introduced jointly by Microsoft and IBM during 1981 and hence was also 
called MS DOS. It was a popular operating system used by personal computer users. DOS is a single-user, ay 
singje-tasking operating system which means that the functions provided by the basic kernel of DOS can Dos 
be used by only one program at a time. It offers a command line character user interface through which 
the user has to type in the commands to execute them. 


DOS boots by loading its BIOS from the system file I0.SYS which in turn loads the DOS kemel from the 
sysiem file MSDOS.SYS. The keme! next executes the CONFIG.SYS file which is used for configuring the DOS 
shel by opening the COMMAND.COM file. The CONFIG.SYS file also contains commands to customise DOS 
by performing specific functions and loading external software like device drivers. The shell then opens a 
start-up batch file called the AUTOEXEC.BAT, It is a special batch file written in plain ASCII text and contains 
instructions for various start-up operations that a user wants to perform automatically every time the 
computer starts. “e 


The commands given to DOS are in general computer programs. Depending upon the location of the ay ® 
programs, these are lassified as Internal and External commands. Once DOS has been started up i.e. pierre 

the computer has booted, certain important commands are automatically loaded into the computer's memory a ite i 

and are available for use at all times. These are called the Internal Commands. The internal commands Gaance Ms 
form a part of the COMMAND.COM program. These command programs are not displayed at the time of 

fisting the files. Examples of some internal commands are: 


1S, DATE, TIME, DIR, CD, MD, RD, COPY, DEL, RENAME etc. 


oer 


External commands on the other hand are command programs that are kept in the disk until they | 
are needed. When one uses an external command, DOS has to refer to the disk or path where these | 
programs are stored to run these programs, These programs are displayed at the time of listing the files. 

Examples of some external DOS commands are: 


DISKCOPY, SYS, FORMAT, XCOPY, MOVE, BACKUP, RESTORE, DELTREE, ATTRIB etc. 


Whenever a DOS command is entered, the COMMAND.COM checks its list to see if the command is an internal 
One, If so, COMMAND.COM will itself carry out the task. If the command is not internal, COMMAND.COM will 
look for a program that has the same name and If found will get executed. 
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In the original MS DOS, a file name can be up to 8 characters long and can contain the upper and lower 

alphabets (A to Z, a to z), the digits (0 to 9) and the underscore character ‘_’ in the file name. The filenany 
should also be a single word. In case two different words have to be used, they should be joined bY thy 
underscore character ‘_'. A file can also have an optional extension of up to 3 characters. . 


» Various Internal DOS Commands 


This section discusses the various important and common internal DOS commands used. 
eS Se 
* CLS 

The CLS or clear screen command is used to clear all the other commands already typed in the screg, 
and leaves the screen blank and only with the current command. 


= DATE 


The DATE command is used to display or modify the current date. After typing the command, type a 
new date in the format dd-mm-yy or press Enter to keep the same date. 


Output: The current date is: 24-May-09 
Enter the new date: (dd-mm-yy) 


eeeououaouaoaooeeeeeeeeeeeee————eEEE——————— es 


= TIME 


The TIME command is used to display or modify the current time. After typing the command, type a ney 
time in the format hour-min-sec or press Enter to keep the same time. 


The current time 
Enter the new time: 


Output: 


The DIR or directory command is used to list all the sub files or sub directories under a given directory. 
Along with the file name, the date & time of file creation and the size is also displayed. 


Volume in drive C has no label. 
Volume Serial Number is 7CB5-93F2 


Directory of C:\ 

12-Jul-07 08:21PM 125 AUTOEXEC.BAT 
09-Jul-08 10:21AM <DIR> AVPDOS 
12-Jul-07 08:21PM = 138 CONFIG.SYS 


| 16-Feb-08 08:46PM <DIR> Tc 
14-Apr-09 10:33PM <DIR> TEMP 
30-Apr-94 06:22PM 4,377,400 TURBOC.EXE 
3 File(s) 4,377,663 bytes 
3 Dir(s) 5,168,078,848 bytes free 


(Example: C:\>DIR CONFIG.8Y8.!) 
Output; 12-Jul-07 08:21PM 138 CONFIG.SYS 


The above example shows how a particular file can be searched in a directory using the DIR command. 
The file name is to be typed along with the DIR command. If the file is present, its name and details will be 
displayed In the listing, If It is not present then the message “File not found” is displayed. 


The following switches are used with DIR for displaying the directory structure in various ways. 
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jp Pauses after each screen of information. my 
tw__ Display the information in a wide list format. 
Jo _Ust by files in sorted order as per the following sub-switches: Switches with 
Sort-order nn By name (alphabetic), s By size (smallest first) DIR 
e By extension (alphabetic), d By date & time (earliest first) 
g Group directories first, a By Last Access Date (earliest first) 
fa Displays files with specified attributes as per the following sub-switches: 
Attributes d _ Directories r Read-only files 
h Hidden files a Files ready for archiving 
s System files 


fo —_ Uses bare format (no heading information or summary). 
Uses lowercase to display the names. 


The following examples will make the use of these switches clear. 


‘The above command displays the directory and file listing of the directory Temp under the C: drive one page 
at a time (/p), in case the listings are too long to be displayed in a single screen. 


The above command displays the directory and file listing of the directory Music under the D: drive in both a 
page-wise (/p) and ordered by name (/on) manner. 


a | 
The above command displays the directory and file ding of the directory Document under the D: aie 
which have only read-only attributes (/ar). 


= MKDIR or MD ly 


The MKDIR or MD command is used to make a new directory or folder in DOS. Along with the command, | MKDIR/ MD 


the path i.e. the location of the new directory and the name of the new directory is also to be typed as: | 
MD [Directory Name] 


The above command will make two directories called School and Home under the CProg directory located 
under the C: drive. Note that here the MD command is executed from within the directory CProg- 
Hence the new directories School and Home are automatically created under CProg. To create multiple 
directories, write the names of the new directories seperated by blank spaces efter the|MD command. 


The above command will perform tha: same job of creating a folder called School under the CProg folder, 
but in this case is executed from directly under the C: drive. 


RMDIR or RD 
The RMDIR or RD command is used to remove or delete a directory or folder in DOS. Along with the 


command, the path i.e. the location and name of the directory to be removed is also to be typed as: | RMDIR/ RD 
RD [Directory Name} 


am 


The above command will remove the directory called Temp from under the C: 
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| [Examples GSR b:\MyDocs\Word : 
| The above command will remove a directory called Word from under the MyDoes directory located Under ty 
| D: drive. (Note that you cannot remove a directory In which you are currently present) 


| EEE 
‘e 
* CHDIR or CD 


| 
| The CHDIR or CD command is used to change from one directory to another in DOS. Along with they 
| CD command, the path and name of the directory to move to is to be typed as: CD [Directory_Name] 


eal 


Me 


CHDIR/ CD 


| [Exaimple:C:>6D Temp ese Pa 5.) 
| Output: C:\Temp> 

| The above command will move to the directory called Temp under the C: drive. 

| Beainiple: CISC CAMyDoosiWord) 


| Output: — C:\MyDocs\Word> 
The above command moves to the Word directory under the directory MyDocs under C: drive. 


| To switch to a different drive there is no need to use the CD command. Simply type the drive Name 
| followed by a colon ’:' symbol. The following command moves to the drive D: as shown below: Lu] 


| iBample! eAMyDocsiWordsi 5 
Output: = =D:\> 


| The following command will move the current directory from C:\MyDocs\Word to C:\Temp\Program 
| [lékample: "G:iMyOocs\Word>CD (CiTemplProgram ae ‘ f 


| Output: C:\Temp\Program> 


| The following CD command can be used to move back to the parent directory i.e. one level up the 
| directory hierarchy. The .. after CD specifies that you want to move back to the parent directory, The 
| following example will move the current directory from C:\MyDocs\Word to C:\MyDocs. 


\MyDocs\Word>CD 
C:\MyDocs> 


Op | « cory 


COPY | The COPY command is used to copy a file from one location to a different one or make a copy of a file with 
| a different name at the same location. The copy command Is to be followed by the source file name and path 
| and the destination file name and path as: COPY [Source_File] [Target_File] 


| The following COPY command can be used to copy the file biodata.doc located under the C: drive to the 
| Temp directory also located under the C: drive. 
| [kannpla?°045" COPY: plodata. doo ¢:\Tempiblodata.doo. ] 
| Source file name located under C drive Target file path and file name 
; Output: — C:\> COPY blodata.doc C:\Tempibiodata.doc 

1 file(s) copied. 
| The following COPY command copies the file prog12.c located under the Temp directory in D: drive to the 


| CProgs directory located under the C: drive, Note that the COPY command can be executed from atl » 
| location, provided the source and target paths and file names are given. 
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PY PilTemplprogt2i0 6) Nprogi2.0 
Source file path and filo name —Targat file path and filo nama 


C:\MyDocs\Word>COPY D:\Temp\prog12,C_C:\CProgs\prog12.0 
1 file(s) copied. ati crear 


Wnt: a0 


Source file path and filename — Different targot fle name of filo oopled under the oame fold 


Output: C:\COPY C:\CProgs\prog12.C backup.C 
1 file(s) copied. 


lor 


‘The following COPY command simply makes a copy of the file autoexec.bat at the same place ag the 
source ie, under the C: drive but with a different file name OldAuto. bat. 


a bat: 


ea 


Source file name only Target file name only 


DOS refers to different parts of the computer with special names called device names, Every port in a 
machine has a unique name so that software can Identify and use the ports just as file names. 


CON is the device name for console i.e. Keyboard and Monitor. COM1, COM2 etc. (Communications 
Port #1, #2 etc.) are for Serial Ports. LPT1, LPT2 (Line Printer Port #1, #2) are for Parallel Ports, 


The COPY command can also be used with the above device names. The device name Is treated as a file 
name. Thus the following command can be used to copy the characters typed from keyboard to form a file, 
dicates the source of the file as the Input console I.e. the keyboard 


Output: C:\> COPY CON MyData.txt 
Sauro Ghosal 
Class 11, Section E 
4 

1 file(s) copied. 


When the above command line is typed and the enter key pressed, DOS will allow the user to type any text 
induding new line. When typing is over, press the Ctrl+Z keys or F6 key to end the command. The text will 
be copied to the file MyData.txt and saved under the directory from where COPY CON was executed. 

| 


The same file can also be displayed onto the screen again by using the COPY and CON combination 
but now in the reversed order. When the device name CON is placed as the target, then CON refers to the 
monitor or VDU. Thus the following command will copy i.e. display the contents of the file MyData.txt on the 


Output C:\> COPY MyData.txt CON 
Sauro Ghosal 

Class 11, Section E | 
1 file(s) copied. 


Simitarty the following command can be used to print the contents of the file MyData.txt using the 
printer connected to the parallel port with the device name LPT4. 


Output C:\>COPY MyData.txt LPT1 
1 file(s) copied. 


ee 


= RENAME or REN 


The RENAME or REN command is used to rename a file or a directory. The rename command Is to be 
followed by the path and file/directory name to be renamed and the changed file/directory name as: 
RENAME (Old_File_Or_Folder_Name] [New_File_Or_Folder_Name] 
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The following example 


wot 


to the new name Shouro. txt, 


9 


The following example will rename the file with the file name Prog12.C to the new name Sorting.C, hy 
the file Prog12.C is located under the Temp folder in the D: dri 


NAW emp rting.C 
oa iol a Mbtl) ie z 


File path and old filenametochange New file name 


« DEL and ERASE 


The DEL command is used to delete a file. The DEL command is to be followed by the path and file ane 
to delete as: DEL [File_Path_And_Name] 


The following example will delete the file with the file name Useless. txt. 


—e : aE 
D § 


The VOL command displays the disk or drive space specified. The command is typed as: VOL [Drive] 
The following example will show the volume of the C: drive. 


(Bangs! EBVO 
Output: — Volume in drive C has no label. 
Volume Serial Number is 7CB5-93F2 


[= 
« LABEL 


SNe 


The LABEL command in DOS is used to create, change or delete the volume label name of any drive. 
The command should be typed as: LABEL [Drive_Name] (Label_Name] 


The following example will put the label name Mydisk for the D: drive. 
: eee : 


¢ Various External DOS Commands 
This section discusses the various important and common external DOS commands used. 


« DISKCOPY 


The DISKCOPY command Is used to copy the complete contents of one floppy disk to another. Te 


two floppy disks must be of the same type. The command is to be followed by the source and target drive 
names as: DISKCOPY [Drive1]: [Drive2): 


The following command will copy the contents of the floppy in drive A: to the floppy in drive B: 
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SS 7.0°°0—OoaSSSS 


« TREE 


This command allows the user to view a listing of files and . y 

folders in an easy to read graphical format, with the main See 

directory at the top, followed by the sub and sub-sub directories JRStREEEDTSe! minbek is 7CBS~93F2 
along its branches. The format of the command is jammy 
TREE [Drive/Path): tied 
The following command will display the directory tree structure : 

of the directory named dir2 under the C: drive. 


dirs 


The MOVE command can be used to move a file from one location to another. (Unlike a copy, by 
moving a file no copy of the file is kept in the source folder), It can also be used to rename a directory. 
After typing the command name, type the source file name along with the path and then type the destination 
path. The command is to be typed as: MOVE (Source_File] [Target_File_Destination] 


The following Sane will move the file test.doc from the C: drive to tne D: drive. 


Source fle name to move Destination drive 


The following example will move the file project.doc from the sub-directory Word under the directory MyDocs 
mn fhe SS Sie te recony Teme in the D: drive. 


Source directory and filen name to move Destination directory 


The following example will move the same file project.doc from the sub-directory Word under MyDocs in 
the C: drive to the directory Teme in the D: cine) but with the changed file name a computer: doc. 


Source directory and fi file name to move " Destination directory with new file name 
The Raontoe ame) is used to change or rename a directory name from MyDocs to Document. 


Original directory name Renemadl sd creatry name 


* XCOPY 


The XCOPY command is used to copy files and directory trees from one location to another. The 
command will copy all the files and directories and sub-directories The command is to be typed as: 
XCOPY [Source_Directory] [Target_Directory_Destination] 


The following example copies the directory structure under C:\MyDocs along with sub-directories and files to 
the D: drive. 


Source directory structure tocopy Destination drive 


= ATTRIB 


The ATTRIB command helps to set the attribute for a file. Different options available with ATTRIB are: 


+a Marks as an archive file i.e. the file can be edited if required; — a removes the attribute 

+r Marks the file read-only i.e. it can be opened but not edited; — r removes the attribute 

+5 Makes the file a system file i.e. for files like io.sys, msdos.sys etc.; — s removes the attribute 
+h Makes the file hidden i.e. it is not displayed during a listing; — h removes the attribute 


The following example will change the attribute of the file MyData.txt to a read-only, archive file. 


TREE 


MOVE 


XCOPY 


ATTRIB 
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The following example will remove the read-only attribute of the file MyData.txt by using -r. ; 


* BACKUP = 


The BACKUP command in DOS Is used to take backup coples of data, files, and directories from a 
disk to a required number of floppies. It is not possible to view the files directly from the floppies 
backup. To get back the files in the normal format, the RESTORE command need to be used. The cong 
should be typed as: BACKUP [Source_Drive_Path) [Target_Drive_Path] 
Certain switches are used to facilitate backup. These include: 

Is Used to backup sub-directories 

Im Backs-up files which have been changed since last backup 

id:date —_ Backs-up only those files that have been modified after the specified date 

ittime Backs-up only those files that have been modified after the specified time 


The following example takes backup of entire D: drive into floppies of drive B:. The backup will include y 
sub-directories under the D: drive also, ' 


Enabler Cis BACKUPIO:, 
a 
+ RESTORE 


The RESTORE command in DOS is used to get back the files, directories and sub-directories backed 
using BACKUP command. The command name should be followed by the drive and path which Contains te 
backup files and then the target drive as: RESTORE [Source_Drive] [Target_Drive] 
Certain switches are used to facilitate restore operation. These include: 

Is Used to restore sub-directories 

Ip Prompts for permission to restore 

fb:date —_ Restores only those files that have been last modified on or before the specified date 

fa:date Restores only those files that have been last modified on or after the specified date 

le:time Restores only those files that have been last modified on or before the specified time 

time Restores only those files that have been last modified on or after the specified time 

im Restores only those files that have been modified since the last backup 

In Restores only those files that are non-existing in the drive 
The following example restores all files from 8: drive to the D: drive including sub-directories and will ask for 
permission with a prompt. 

Tevet t 


= UNDELETE 
The UNDELETE command in DOS is used to restore a deleted file, if possible. The command should te 
typed as: UNDELETE [Source_Drive_Path) 
Certain switches are used to facilitate backup. These include: 
{dos Recovers files listed as deleted by MS-DOS 
/dt Recovers files protected by Delete Tracker 
/ds Recovers files protected by Delete Sentry 


The following example will undelete i.e. restore the file project.doc from the D: drive. 
= sian mins a a . 


iMyDooa\Wordipr oo ES 


» CHKDSK 


The CHKDSK command in DOS checks a disk for errors and displays a status report. The commatd 
should be typed as: CHKDSK [Drive_Name) 
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Certain switches are used with this command. These include: 
ft Fixes errors on the disk 
N Displays the full path and name of every file on the disk 


The following example will check the D: drive for errors and fix them if possible. 


+ SCANDISK yy 


The SCANDISK command is used to check a data disk for logical and physical errors and repair the | SCANDISK 
problems on the disk. File or folder errors can occur if the computer is not properly shut down. The scandisk 
utility checks the disk surface for any physical damage. It tries to repair the disk surface first. In case it is 
unable to do so, it marks the damaged area as containing bad sectors in the FAT and prevents further writing 
of data on that portion. It also checks and marks different files and folders for errors. The command should 
be typed as: SCANDISK [Drive_Name] 


Certain switches are used with this command. These include: 
tall Checks and repairs all the drives 
Jautofix Fixes the problems without prompting 
Isurface Performs a surface scan after other checks 
The following example scans all the drives. 


pore a 


The FORMAT command in DOS is used to lay down the pattern of tracks and sectors onto a secondary | FORMAT 
storage device. 


Before a secondary storage device can be used in a computer 
system it must be prepared by a process called disk 
formatting. When the command to format a disk is given 
(e.g. FORMAT A:), the disk drive’s read/write head lays down 
@ magnetic pattern on the disk surface. The pattern enables 
the disk drive to organise and store data properly. 


Formatting first divides the surface of a disk into a number of i 
invisible concent cces called tracks. As shown in the figure, the tracks are numbered consecutively from | <—4 
the outermost to the innermost. Large capacity disks may contain up to a thousand tracks. Each track is again Tracks and 
further subdivided into smaller sections called sectors. It is the smallest storage unit with which the disk can secs 
work i. disk drives are designed to read/write whole sectors at a time. Typically a sector contains 512 bytes. 

Each sector of a disk has a unique number called the disk address. An OS like DOS again combines up to 64 


sectors to form a cluster. Each cluster forms the basic unit of memory read/write. The command should be 
typed as: FORMAT [Drive_Name] 


Certain switches are used with this command. These include: 


Nv Specifies the volume label 

Iq Performs a quick format 

7) Performs an unconditional format 

fo Allocates space on the formatted disk for system files 
's Copies system files to the formatted disk 

Ie Test dusters that are currently marked as bad 


The following example quick formats the D: drive. 
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(> » EDIT and EDLIN \ 


EDIT/EDLIN | The EDIT or the EDLIN command in DOS is used to create and edit a data file. The Copy 6 
command can also be used to create a data file, however the same command cannot be used to edit thet 
so created. Using the EDIT or EDLIN command one can both create and edit a data file. The comm 
should be typed as: EDIT [File_Name] or EDLIN [File_Name] M 


The following example creates a file called Debayan.txt under the Personal folder in C: drive. 
PASE iP Plaka, ries a 


| The blank EDIT window opens when the command is typed. Type the necessary data in the text area OF thy 

opened window and after finishing writing, go to the File menu and Save the file. The file Debayan. ttt »,, 

created can also be modified or edited by simply retyping the above command, when the text file Createy 

earlier will again open. After editing the file it can be again saved in the same manner to incorporate te 

changes. 

EDLIN is a line oriented text editor that can be used to create and edit a text file. The following example 5 

creates a file called Rikayan.txt under the Personal folder in C: drive. 
— ayer oes nid 


Output: New file 


* 
1:*Name Rikayan Bandyopadhyay 
2:*Class: 11 
3:*Section: E 
4:*Science Stream 
5:*4Z 
*EXIT 


| When the command to create the text file is typed and the Enter key is pressed, then the message "New File’ 
followed by a * will be displayed. Type “I” beside the * to insert new lines into the file. The Enter key can be 
used to create new lines within the file. When finished typing, press the F6 key or Ctri+Z to come out from 
the Insert mode. Type EXIT to save the file and exit. To edit the file to add more data to the file, type the 
same command again and follow the same set of steps. 


* Wild Card characters * and ? 
WILD CARD | Two symbols, called wildcards, allow the user in DOS to specify a group of files. The wild card character*’ 
characters | is used to indicate any group of characters while each ‘?’ indicates a single character. 


The following COPY command can be used to copy all files with the file extension doc, irrespective of 
their name, from the C: drive to the Temp directory also located under the C: drive. 


| The following DEL command can be used to delete all files with the file name Project, irrespective of 
their extensions, from the Temp directory located under the C: drive. 


The following DIR command can be used to display all files whose name starts with Prog (like Prog!2, 
Program143 etc.) and which have a single letter extension name (like .C) from the D: drive. 


‘DAProg®.? ae 
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. Creating a batch file in DOS 


To wait for a command to complete execution before you can give the next command can be sometimes time 
consuming, But in applications where such interaction is not required as in applications that calculate 

salaries, one can use batch processing whereby DOS allows to group several commands into a file 
with the extension ‘bat’ (for batch). After saving the file, simply type the name of the file to run the 
commands one by one from the batch file. 


The following example can be used to create a batch file called batch.bat in DOS. The file is used to first clear 

screen using the CLS command and then set the DATE and TIME. Finally the directory listing of the E 
drive is displayed in a page-wise manner using the DIR/p command. The batch file is created using the EDIT 
command as shown below. 


“Output: 


baa 


In the above batch program the REM command is used to 
insert a comment in the file. Next ECHO OFF command is 
used to suppress the display of command names when these 
gre Tun. The ‘@’ symbol is used to suppress the display of the 
EGHO OFF command itself. The ECHO command is used to 
dspizy the text following it onto the screen. The PAUSE 
cammand is used to pause for a key press. 


REM ** Example of Batch Program *** 
@ECHO OFF 

CLS 

DATE 

TIME 

ECHO Directory Listing of E: Drive 
PAUSE 

DIR/p E:\ 


Important DOS commands ata glance 


It helps to set or reset the attribute for a file as read 
only, archive, hidden or as a system file 


<- Format! Example 


C:\> ATTRIB +r +a MyData.doc 
C:\> ATTRIB -r MyData.doc 
C:\> ATTRIB +h *.sys 


It is used to take backup copies of one or more files 
from one disk to another 


€:\> BACKUP D:\ B:/s 


It is used to change from one directory to another in 
DOS. Along with the command, the path and name of the 
directory to move to is to be typed 


C:\> CD C:\Personal\Letter 
C:\Personal\Letter> CD.. 
C:\Personal\Letter> CD\ 


It is used to check a disk for errors and displays @ 
status report 


C:\> CHKDSK D:/f 


Itis used to copy a file from one location to a different one 
or make a copy of a file with a different name at the same 
location. The copy command is to be followed by the source 
and the destination file names and file paths 


C:\> COPY filei.txt backup.txt 
C:\Personal> COPY file2.c D:\ 
C:\> COPY file3.c C:\Personal 
C:\> COPY *.bmp C:\Personal 


It is used to display or modify the current date. After 
typing the command, type a new date in the format 
dd-mm-yy or press Enter to keep the same date 


C:\> DATE 


It is used to delete a file. The del command is to be 
followed by the path and file name to delete 


C:\> DEL prog.c 
C:\> DEL C:\Home\Progs\Try.c 
C:\> ERASE D:\Temp\pic.bmp 


Ikis used to list all the files or sub directories under a 
given directory. Along with the file name, the date & time of 
file creation and the size of the file is also displayed 


C:\> DIR 
C:\> DIR/p 
C:\> DIR personal 


It is used to copy the complete contents of one floppy 
disk to another 


€:\> DISKCOPY A: B: 


a 


Creating 


| Batch File 


bos 
commands at 
aglance 
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(Command | Format / Example 
EDIT 
and 
EDLIN 


These commands can be used to create and edit a text 
file 


C:\> EDIT C:\Debayan.bt 
C:\> EDLIN C:\ Rikayan.ttt 


The FORMAT command In DOS Is used to lay down the 
pattern of tracks and sectors onto a secondary storage 
device 


It is used to create, change or delete the volume label 
name of any drive 


Ci\> FORMAT D:/q 


(C:\> LABEL D: Mydisk ie 


C:\> MD Project 
C:\> MD C:\Personal\Letter 
C:\> MKDIR D:\Temp 


C:\> MOVE filel.txt D:\Temp 
C:\> MOVE bd.c D:\Temp\bak,c 
C:\> MOVE C:\Temp\prg.c D:\ 
C:\> MOVE *.tt D:\Temp 


(C:\> RENAME prog.c final.c 
C:\Personal> REN TC.exe C.exe 


FORMAT 


LABEL 


MKDIR 
or 
MD 


It is used to make a new directory or folder in DOS. 
Along with the command, the path i.e. the location and 
name of the new directory Is also to be typed 


It can be used to move a file from one location to 
another, It can also be used to rename a directory. After 
typing the command name, type the source file name along 
with the path and then type the destination path. In case 
you want to change the file name after moving the file, then 
write the new file name 


It Is used to rename a file or a directory. The rename 
command is to be followed by the path and file/directory 
name to be renamed and the changed file/directory name 


It is used to get back the files, directories and sub- 
directories backed up using BACKUP command. The 
command name is followed by the drive and path which 
contains the backup files and then the target drive 


It is used to remove or delete a directory or folder in 
DOS. Along with the command, the path i.e. the location and 
name of the directory to be removed is to be typed 


The SCANDISK command in DOS is used to check the 


hard disk or floppy disks for logical and physical 
errors and repair the problems on the disk 


It is used to display or modify the current time. After 
typing the command, type a new time in the format hour- 
mMin-sec or press Enter to keep the same time 


Allows the user to view a listing of files and folders in an 
easy to read graphical format, with the main directory at the 
top, followed by the sub and sub-sub directories along its 
branches 


It is used to restore a deleted file, if possible 
It is used to display the disk or drive space specified 


It Is used to copy files and directory trees from one 
location to another. The command will copy all the files and 
directories and sub-directories under It 


C:\> REN Personal Home 


C:\> RESTORE B:\ D:/s/p 


C:\> RD Project 
C:\> RD C:\Personal\Letter 
C:\> RMDIR D:\Temp 


C:\> SCANDISK/all 


C:\> TIME 


C:\> TREE C:\Personal 


UNDELETE 
VOL 


C:\> UNDELETE D:\project.doc 
C:\> VOL C: 


XCOPY C:\> XCOPY C:\Temp D:\Home 


Two symbols, called wildcards, allow the user in DOS to 
specify a groups of files. The wild card character ‘*’ 
indicates any group of characters while ‘?’ indicates a single 
character 


Wild Card 
characters 
* and? 


C:\> COPY *.doc C:\Temp\ 
C:\> DIR D:\Prog*.? 


6.4 Windows Operating System i % 


Microsoft Corporation, co-founded by Bill Gates (picture on the right) introduced the first 
version of the Windows Operating System In 1985. Unlike MS-DOS, Windows used a 
GUI and allowed users to run multiple applications at the same time using multitasking 
features. It also allowed running of application programs that required memory larger than 
the available memory using the virtual memory concept. 
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The first version was Windows 1.0 that was released in November 1985. This was followed by Windows 
y release 2.0, 3.0, and 3.1 released in 1992. The next advancement was Windows 95 which was released in 
1995. It had a new user Interface and provided various new features, Microsoft next released Windows 98 
in 1998. In 2000 Microsoft released Windows-Me (Millennium Edition). The next step taken by Microsoft 
was to combine the features of their consumer and business operating systems. This led to the development 
of Windows XP, which was available in both home and professional versions around 2002. 


The next release was Windows Vista in 2007. New features 
4 of Windows Vista included an updated graphical user interface 
and a visual style called Aero, and a new search 
component called Windows Search. The main objective with 
Windows Vista was to make improvements on the security 


A Brief History of the Windows OS 


features of the operating system. 


Windows? was released in 2009. It was basically an 
upgrade, designed to work with Vista-compatible applications 
and hardware. Some standard applications that have been 
induded with prior releases of Microsoft Windows, like 
Windows Calendar, Windows Movie Maker, Windows Photo 
Gallery, etc. are not included in Windows7. These are instead 
available separately free of cost, as part of the Windows 


Essentials suite. 


The latest operating system released by Microsoft for use with 
home, business desktops, and portable computers till date (as 
of 2013) is Windows8. It was released in the year 2012. It is 
primarily designed for use with mobile devices such as 
tablets, smart phones etc. Windows8 features a new touch 
user interface with a new Start screen that replaces the 


Start menu of earlier Windows versions. 


DOS 


people find difficult to run as all commands need to be 
memorised 


1. DOS has a Character User Interface (CUI) that some 


Differences between DOS and Windows 


1 


Operating System 


Windows 8 with Start screen 


Windows has a Graphical User Interface (GUI), 
making it easier for a new user to learn and use the 
system as commands need not be memorised 


Z. Different screen modes used for graphical and textual 


2. Graphical and textual data can be represented under 
data ‘one screen mode 
3. It restricts the user to eight character file names with | 3. It allows filenames up to 255 characters long including 
three character extensions blank and certain punctuation marks 
4. DOS was mainly ned for use with 16-bit CPUs 4, It can make use of the 32-bit CPUs that are faster in | | 
operation 
5. DOS was designed to handle programs whose | 5. Windows can run programs with size greater than 640 


maximum size was 640 Kb 


Kb 


6. It 5 a single-user, single-task operating system i.e. a 
user can run only one program at a time 


It is a multi-user multitask operating system i.e. a 
user can run more than one program at a time 


7. Programs operating under DOS usually have non- 
standard features, i.e. the same set of operations like 
copy and paste can be done in different ways, making 
it difficult for the user 


Windows programs conform to a standard way of 
working. For example a MS Windows word processor 
program works similar to the way a MS Windows 
spreadsheet program 


= 


8» Use of mouse and drag an drop features are usually 
absent. This’ makes the execution of certain 
commands lengthy or difficult 


Drag and drop features make certain command 
execution easier (like dragging a file from one folder 
to another to copy It) 


9, Plug and play options are not available 


Features plug and play options (from Win-95) 


40.Otject Linking and Embedding (OLE) -feature, not 


we ii 


. OLE helps to embed the output of an application into 


another application with automatic updates 


The first Operating | 
System Microsoft 
coded was Xenix, 
which was a version 
of UNIX, 


Windows 7 is 
available in six 
different editions, of 
which the Home. 
Premium, 

| Professional, and 
Ultimate are most 


common 
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oP e Components of a Windows System 


Components of | Unlike DOS, Windows has various 
Windows | graphical components that are 
system | used for specific operations in the 
Windows environment as stated 
below: 


Ege "Desktop and Icons: The 
working space of the Windows 


Bill Gates was ready || syctem is known as the Desktop. 


bsloibeleeae Over the desktop are placed 
“Interface Manager’ small pictures called icons of 
before he was the different parts of the 
persuaded by an computer that one works 


employee to change with like files, folders, recycle 
it bin, network etc. The icons can 
be controlled by using the 
Mouse and its on-screen pointer. 
An icon can be activated by JN EST Geis 
double clicking on it using the “ Open Window Tab 
Mouse. 


= Taskbar: At the bottom of the 
desktop is an area in the form of 
a band, called the Taskbar. On 
the leftmost part of the taskbar 
is a button called the Start _ 
button (present in all versions fa a Computer Icon 
of Windows from Win95, up to om 
Windows7. Not present in 9 
Windows8). After one clicks on ; Recycle Bin Icon 
the Start button, it displays 4 
different dropdown lists. One 
can click on the program icons 
that are displayed by the 
dropdown lists and run them. 
Whenever a program starts, an 
open window tab for it 
appears on the Taskbar. When 
multiple programs are running, 
one can shift from one program 
to another by clicking on these 
buttons on the taskbar. The 
taskbar also displays the : 
system time and program Windows7 Desktop 
icons for quick launch of programs by a single click on them. 


Open Window 


= Window: When a program icon is clicked and the program is 
loaded into memory, the program appears in a rectangular 
frame called a Window on the screen. By manipulating these 
windows on the screen one can work with multiple programs that 
have been loaded into the memory. 


* Title Bar: Each window contains a Title Bar across the top’ that 
indicates what the window contains. When a particular 
window is chosen, the title bar of that window gets highlighted. 
The entire window can be moved by clicking on the title bar and 
dragging it to any desired location. The title bar also contains 
three buttons for manipulating the windows. These are the 
Minimise, Maximise and Close buttons. On clicking the — Windows XP, My Computer window 


P1-6-24 176 


gudiments of Computer Science Operating System 


Maximise button, the program is displayed occupying the 
entire screen. On clicking the Minimise button, the program 

inactive and is displayed as a button on the Taskbar. 
‘The program quits on clicking the Close button. 


Menu Bar & Toolbar: The region below the title bar ff 
r the actual working area of the program. It contains p 
horizontal list of menus called the Menu bar. Below the 
y bar is a set of buttons that form the Toolbar. The 
toolbar is used to give different instructions by clicking on the 
Dropdown lists appear when the user clicks on a 
u item, From the menu choose an option like opening, 
saving, or closing a file or any other instruction to use. 


«Scroll Bar: The window can also contain Scroll Bars to view 
the different parts ofa program or file that are longer or wider 
than the size of the window. harass cm Tor 

Windows 7, Computer window 


. The Windows Registry 


the registry is the place where Windows keeps most of its configuration 

on. Windows needs the registry to boot. Therefore each time 
there is a successful booting it saves the contents of the registry as the last 
known good configuration. To prevent malfunction in case the registry 
oats damaged, Windows maintains a system component called system 
restore. This feature periodically saves the different configuration files and 
device driver states. In case the system boots but does not function as 
expected then it can be restored to a previous working state using this 
feature. 


. We 


The user is presented with the Windows Desktop after the computer is 
switched on and Windows boots up. On the Desktop are the icons for My 
Computer (Computer in Windows7), My Documents, and Recycle Bin. There 
cm be icons for other folders/files placed by the user. The Windows 
Taskbar is also visible at the bottom. 


To access any file or folder, click on the My Computer 
(Computer for Windows7) icon on the Desktop, when the 
My Computer window opens. It displays the different 
drives in the computer (like the hard disk, DVD drive etc.) 
zs ios. By double clicking on an icon, open the required 
awed the required folder or file. 


ing with Windows 


When a program is installed, an entry for that program is 
made under the Al! Programs dropdown list. To run the 
program, dlick on the Start button at the left bottom corner 
of the Desktop screen. A dropdown list displays the A/ 
Programs icon, a list of frequently used programs and 
folders, the Turn Off Computer button (Shut down in 
Windows7) and some other utility program icons. 


In Windows XP click on the Turn Off Computer button to 
switch off the computer. In 
Windows7, do the same thing by 
dicing on the Shut down 
button from the start dropdown 
list. In Windows7, the Shut down 
a opens a dropdown list 

various Ms as shown 
above, oe 


ove Word 


ng 


ye 
gata AS 


Steps to open a program in Windows XP 


a 


Command Line 
Interface 


a 


| Working of 
Windows 


Press Fi 
the keyboard to 
close an open 
window. 
Double click on 
the title bar to 
| maximize a 
| window 
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| To run a program, first click on 
the start button on the Taskbar 
| and follow the various dropdown 
| lists. If, for example you want to - 
| run the Notepad text editing 5 lick on 
| program, then click on 

| Start — Alf Programs — 
Accessories + Notepad 


Refer to the diagram in the last 
page and on the right for the 
process of opening a program 
| under Windows XP and 
Windows7. 


Steps to open a program in Windows7 


* Changing System Settings 


Changing | Like in DOS, a user can change the system time, date, display settings, regional settings, and other Setting, 
System settings | To make these changes click on: Start + Control Panel 


The screen shots below show some of the options available under the control panel window. To 
| a particular option, double click on the required icon to open the window to make changes to that option, 
For example to change date/time, double click on Date and Time icon, when the Date and Time 
j | window opens. Set the desired date and time and then press the App/y button to apply the changes. 
| In Windows7, the same is done by clicking the Clock, Language, and Region option. 


The following settings can be done from the control panel in Windows XP (the options within tte 
parenthesis are for Windows7): 


Adjust your computer's setings 


ee 
L } 


em vay Be rows 


S~ Bal 


By renters ad Fas 


Control Panel in Windows XP Control Panel in Windows7 


= Date and Time (Clock, Language, and Region): Used to change the system date and time. 


| = Display (Appearance and Personalization): Used to change display settings like Desktop Picture, Soe 
| Saver, Appearance etc. 


= Regional and Language Options (Clock, Language, and Region): Used to specify regional language, 
currency, time zone etc. 


* Taskbar and Start Menu (Appearance and Personalization): Used to hide/display taskbar, show syste 
clock etc. 


| «© Add Hardware (Hardware and Sound): Used to install a new hardware. 

* Add or Remove Programs (Frograms): Used to install or un-install a particular program. 
« Folder Options (Appearance and Personalization): Used to change folder settings 

® Fonts (Appearance and Personalization): Used to install or un-install a particular font 


L 
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«Keyboard (Hardware and Sound): Used to change settings like key repeat rate, blink rate etc. | 
«Mouse (Hardware and Sound): Used to change mouse settings like button configuration, speed etc. 

» Printers and Faxes (Hardware and Sound): Used to install a new printer or fax machine 

« Internet Options (Network and Internet): Used to set various options to access the Internet. 

«System (System and Security): Used to set Computer Name, Hardware, System Restore option etc. 

« User Accounts (User Accounts and Family Safety): Used to set administrative and user accounts. 


System 


‘Appearance and Persbnalization ‘> Personalization 


Contral Panel Home. 


Change the visuals and sounds on your computer 


Change desktop icons Clicka theme to change the desktop background, window color, sounds, 
and screen saver all at once. | 


|) Change mouse pointers 


‘Aero Themes (7) 


‘Changé your account picture 


a fh = 
Ne Windows 7 ‘Architecture: 
i : 


+ 
In Windows 7, right click on the See also re) is 
desktop and from the dropdown Display Qa y de 
fst select the Personalize | jaicharand start Menu oon ee ag ccm oe is | mY 


‘option to open the dialogue box 
to change desktop settings and 
apply a screen saver, 


Ease of Access Center Slide Show 


Settings options under Windows 7 
« Various Utilities Provided by Windows 
Windows provides various utilities related to file and folder related jobs as discussed below: a 


1, My Computer (called Computer in Windows7): The My Computer or Computer option is used to do all 
types of file and folder operations, It is available on the Desktop and also under the Start menu. The My 


Computer window along with its menu bar and tool bar is shown in the next page. The Address box | | ACLS t 
displays the path of the currently selected file or folder and the title bar shows the selected folder name. | | rintmze all 
The different operations possible using My Computer are: | | windows except 
= See the f A " | active window. 
nie, a ae and contents of the different drives like the hard disk, floppy disk, CD/DVD Repeat process to 
bring there Bip 
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= Copy/move folders and files from one 
location to another. 

= Rename/delete folders and files. 

= See and set the properties of files. 

= Run programs or open files by double 
clicking on them or pressing the enter 
key after selecting t hem. 

«Format secondary storage media like 

hard disk, flash drive etc. 

Open the Recycle Bin to restore 

deleted files. 

View and access a list of networked 

computers, in case the computer is in 

alAN. 


a ik we reel ew ie Menu Bar } 

Om OB) Paes Reve (= Teaay 

st pmcen 7 ———[ Pathof Curent oor 
SPULEPERT Nae a 2 aed 


Ile and Folder Tasks. (4) J 


i 


Aeceston 
[Gruner oe 1,701 deccaton or ag tn 
I! rae yooma.exe DNB gestion o-smcay gee 
Oryreexe 4G Aepleaon O74 96.998 

reamact eve 79S Aepheaten —iBMaye as50q 
led grime S79KB. Btn magn 2i-apcn 9 oe 
718. Bin inoin 


21-5908 7-16 


2. Windows Explorer: The Windows Explorer 
works similar to the My Computer option. The 
picture shows the explorer window which is 
divided into two sections. The left hand section 
displays the various drives under the My Computer 
icon, and the various folders under each drive. 
When a drive or folder is selected from the left 
section, the right section displays the contents of 
that selected folder. The title bar displays the 
name of the selected folder. One can access the 
explorer by right clicking on the Start button 
and selecting the Explore option from the list. 


3, Notepad: It is a simple text editor. Notepad can be used to type 
simple text in a given font style and size. There is a menu bar using 
which the user can set the font style, copy or paste portion of text, and 
open, close or save a file. A file is saved as a text file in .bct format. TO fl poid Arial Font in Size 16 
open Notepad follow the steps shown below: using Notepad 


Start + All Programs — Accessories + Notepad 


4. Paint: It is a drawing and painting software 
supplied by Windows. It can be used to draw and 
colour pictures. It has a toolbar providing various 
drawing tools like paint can, air brush, brush, 
pencil, eraser, text, lines, shapes and selection 
tools. It also provides a colour palette with 28 
different colours to choose. User defined colours 
can also be used. The thickness of the pencil, 
eraser, and brush can also be changed. The Jmage 
Menu provide s options to rotate, flip or stretch a 
picture and also get an inverted coloured image. A 
Paint file can be saved as a bitmap image i.e. in 
a .bmp format or as a .jpeg format. 


Fle Edt View Favortes Tools Help 


aco 


This text is written with 


To open Paint follow the steps shown below: 
Start + All Programs — Accessories Paint 
The Paint window for Windows7 is shown above. 


5, Calculator: It is a software calculator supplied by Windows. It can be used 
to do any calculation just like a normal electronic calculator. The result of a 
calculation can be copied and used in another application also. 
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Operating System 


One can also use a scientific calculator to carry out 
scientific operations like trigonometric functions, 
logarithmic functions, exponential functions etc. Using the 
scientific calculator one can also work in different 
number systems like decimal, octal, binary, and 
hexadecimal. Different units of angles like degree, radian, 
and grad can also be used. Go to View Menu to open the 
scientific calculator. 


To open the calculator follow the steps shown below 
(Calculator for WindowsXP & Windows7 are shown above) 


Start + All Programs — Accessories —» Calculator 


6. Command Prompt: This is basically the MS DOS prompt 
in the Windows environment, i.e. it provides a command 
line shell for Windows XP. 


Tt is provided by a special application called the Virtual 
DOS Machine (VDM). The VDM is based on MS DOS 5.0 
source code. To open the command prompt, follow the 
steps shown below: 


Start = All Programs — Accessories - Command Prompt 


7. Search: This option is used to search for any type of file, 
folder, or computer (in case of a networked computer). 
After opening the Search window, the user has to type the 
name of the file to search and specify the drive name. In 
case a specific file name is not known, then a word or 
phrase in the file can be used as the search criteria. 


Search 


Moreover multiple files with a common file extension or 
similar names can also be searched using wild card 
characters. For example to search all files with the 
extension .docx type the file name as *.docs using the wild 
card **’ to indicate any file name. 

To open the search window follow the steps given below: 
Start Search 


The Search box for Windows? is also shown. Here the 
Search programs and files option is available as a text box 
under the Start menu. 

8. Run/Search programs and files: This option in Windows can 
be used to open a program, folder, document or web site. 
To run a program in WindowsXP go to Start and select Run. Next 
type the program name along with its path in the Qpen text box. 
One can even use the Browse option to locate the required file. 
However, for Windows7 the same Search option is used to run an 
application also. The screen shots on the right show the same in 
Windows XP and in Windows7. Some of the applications that can 
be run directly from the Run dialog box of Windows XP include: 


* Calculator: Type ca/c 

= Command Prompt: Type cond 

«Paint: Type mspaint 

" Notepad: Type notepad 

" Windows Explorer: Type explorer 

" My Documents Folder: Type my documents 
= System Information: Type msinfo32 


Run 


Programs (1) 
C2l rspaint 

Control Panel (1) | 

Al Tun Wado tenses rat 


 Seemote resus 


[ripe] (a 5) 


we mos Me 
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eS « Various File & Folder Operations and Utilities in Windows 


File & Folder | Let us now discuss the various file and folder operations possible using Windows, 
operations | = Creating Folders: A folder can be created In the following ways: 


a. Open My Computer and browse to the desired drive or 
folder under which the new folder is to be created. From 
the File menu select the New option. A drop down list 
opens. From it select the Folder option to create the new 
folder. Ty pe the folder name in the text box provided. 


b. Open My Computer and browse to the desired drive or 
folder under which the new folder is to be created. Select 
the Make a new folder option from the left side section of 
the opened window. Type the folder name in the text box 
provided. 

c. Open My Computer and browse to the desired drive or 
folder under which the new folder is to be created. Right 
click on the right section of the opened window when a 
drop down list is displayed. From the list select the Vew 
option. Another drop down list opens. From it select the 
Folder option to create the new folder. Type the folder 
name in the text box provided. Folders can also be created 
on the Desktop using this procedure. 


The procedures a) and c) to create folders can also be 
performed using the Windows Explorer. 


ee » Copying Files & Folders: A file or a folder can be copied in 
the following ways: 


a. Open My Computer and select the desired file(s) or folder(s). Click on the ait menu and click on Cop, 
Or after selecting the file click the right mouse button to open a drop-down menu. From there seat, 
Copy. Next open the desired folder where the file needs to be copied. Again click on the Edit menu ang 
then on the Paste button. Or after selecting the folder, click the right mouse button to open a top.) 
down menu. From there select Paste. 


b. Instead of opening My Computer, open Windows Explorer and repeat the same process as described 
for My Computer. 


c. Open Windows Explorer, find the folder and then the file(s) 
to copy. Select and drag the file(s) while pressing down 


You cannot create a 
folder and name it 
‘con’ in Windows. 
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em « Moving Files & Folders: A file or a folder can be moved 
. i from one location to another in the same way as copying a 
Moving Files & file. To move the file select the Cut option from the menu 

Folders instead of the Copy option. When using the drag-and-drop 
method press the Shift key on the keyboard while 
dragging and releasing the files to move. 


A file can be copied or moved by using another method also. Right click on the 
file and drag it to the destination folder and release the mouse button. A drop 
down list will appear with the options to copy or move or create a short-cut. Select 
the desired option and click on it using the mouse. 


oe * Renaming Files & Folders: To rename a file or a folder: 
Renaming Files a. Open My Computer and browse to the desired file or folder. Right click on the file 
& Folders or folder icon and from the drop down list select the Rename option. 
b. Open My Computer and browse to the desired file or folder. After selecting the 
file or folder icon, press the F2 key from the keyboard to rename it. 
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= Deleting Files and Folders: A file or a folder can be deleted in the following ways: 


a. Open My Computer and browse to the desired file or folder. Right click on the file or folder icon when a 
drop down list is displayed. Select the De/ete option from the list to rename the file or folder. 


b. Open My Computer and browse to the desired file or folder. After selecting the file or folder icon, press | 
the De/or Delete key from the keyboard to delete the file or folder. | 
| 


« Recovering Deleted Files & Folders: Files or E = - = | ‘ 
folders deleted by a user are not permanently 1h ER Wen Freie Teche 3 | 
Om OB Pare Brom |i | 


deleted from the system. These are first stored 


in a special folder called the Recycle Bin. 
Therefore a file or a folder can be recovered 
after deletion, by going to the Recycle Bin. To 
recover a file after deletion, first double click on 
the Recycle Bin icon situated on the Desktop, Then select 
the name of the deleted file from the recycle bin file listing, 
and click on the Restore option under the Fife menu. One 
can also right click on the file and click on the Restore “ 

‘option from the drop down list provided. ene ptt oy 


The Empty the Recycle Bin option shown at the left of the window can be used to remove permanently all 


files stored in the Recycle Bin. To delete a file permanently without sending it to the Recycle Bin, select | 
the file and press the Shift and the De/keys together from the keyboard. | 


* Disk Defragmenter: This utility can be used to analyse and defragment files in a secondary storage yy 
like a hard disk. Over time files are stored and deleted from the hard disk. When a file gets deleted, the 
space for that file can be used to store another file. However, the existing space may not be sufficient for | Disk ' 
the new file. This leads to fragmented files, whereby the new file is saved partly in the deleted area and | Defragmenter 
partly in another available area, with the two areas being linked. It takes more time opening a 
file. The disk defragmenter utility makes space to store files again in adjacent | 
locations. To open this utility follow the steps: | 
Start — All Programs — Accessories + System Tools — Disk Defragmenter 


= System Information: This utility in Windows 
can be used to view various system 
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information. It opens a dialog box to display ] | System 

information regarding the Operating System | Information 

name and version, the computer system model, | _ 

the boot device, user name, the total and —* 

available physical memory, the amount of Press a 

virtual memory allocated etc. keys from the 
er keyboard to view 

To open the System Information option, follow the System 

the steps: | ink : 


Start + All Programs — Accessories + System 
Tools System Information 


secondary storage device Disk P 
like a hard disk, floppy disk, Propentigs 
or flash drive can be viewed 
by opening the My 
Computer window and then 


right clicking on the desired 
drive icon. From the drop 
down list that is displayed, 
Select the Properties option i 
to open the properties - | 
Window. It shows the total capacity of the drive, the used space, and available free space in Windows XP. 
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» My Network Places 
(Network); This option, 
available on the Desktop can be 
used to view the other 
computers and devices 
connected in a network. It 
shows the various existing , 
workgroups in the network and jANeya 
the computers connected under 
each workgroup. Other network resources like 
printers are also displayed in this window. 
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» Internet Explorer: The Jnternet Explorer \s 
different from the Windows Explorer and is 
used to browse the Internet. It provides an 
Address box where the uniform resource Tees 
locator of a web site to be searched in typed. Next the 
Go button is pressed to load the web page into the 
browser window. While viewing through a web page one 
can use hyperlinks to navigate to other web sites or 
can use the Back button to view any previously opened 
page. You can access the Jnternet Explorer from the 
Desktop or from the Start menu. 


«View Pictures: To view pictures in various formats like .bmp, .jpg, -gif etc. one can use the Windy, 
Picture and Fax Viewer option. To use it, simply right click on the picture file icon from My Computer 
Explorer and select the Preview option from the dropdown list. The user can also magnify, rotate, des, 
pictures and view them as'a slide show using this option. 


e Some Helpful Features s of Windows7 


Ina multitasking operating system like Windows, you can work with several programs at a time. Windows), 
uses the new Windows Aero feature to manage and work with different programs efficiently. 


Aero Peek 


The Aero Peek option helps to have a quick preview of the Windows 7 Desktop by making alll open windas 
transparent like glass. To use Aero Peek, move the mouse pointer over the Show Desktop button loc: 
at the right end of the Taskbar. All open windows will disappear and only the window outlines will be vist 
Move the pointer away from the button and all the windows will reappear. 


ue =a j 


ly wind 
outlines visible 


A single click on the button will remove all open windows from the desktop permanently and let you wot 
‘on the desktop. A second click will restore all the windows again. 


Aero Shake 

The Aero Shake option is used to minimise all open windows on the Desktop except the Active window. i 
use this option left click on the title bar of an open window and keeping the mouse button pressed, quiet 
move It towards left and right (i.e. shake it), All the other open windows will get minimised excepting Beh 
one which was shook, Shaking It again brings all the open windows back to the previous state. 
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of All windows 
except Active 
window are 
minimized 


Aero Snap 

The Aero Snap option helps to maximise or restore a window without using the respective buttons, or align a 

window with the left or right half of the Desktop screen, The available options are: 
= acs . 


Holding the title bar quickly drag a window to the right (or left) of the Desktop and release the 
mouse button, to fill the entire right (or left) half of the screen with the window (see figure above) 

« To compare the contents of two windows, drag the windows using the Title bar to opposite sides of 
the screen. Each window will resize to fill half of the screen. 


« Dragging a window to the top edge of the screen using the Title bar maximizes the window 
The original size of the windows can be restored by dragging the window towards the centre. 


Live Taskbar Thumbnail 

The Windows7 Taskbar helps you to get a quick 
preview of open windows. A thumbnail of the 
program icon is displayed on the taskbar for every 
open program. 

If you point to such a thumbnail image, a small 
preview window of the item appears above the 
thumbnail. Pointing on the thumbnail preview window 
displays a full-screen preview. 


To open a program, click on a thumbnail or on the preview. 


dump Lists 

Jump Lists are lists of recently opened programs, folders, or websites that 
are displayed either in the Start Menu or on Taskbar Thumbnails. Using a 
Jump List one can open a recently used item by clicking on the entry in the list. 
One can also pin favourite items to a Jump List so that these can be quickly 
located and opened. A Jump List on a Taskbar thumbnail is shown on the right. 


Using Window’s Flip 
The Window's Flip feature is used to show a live thumbnail preview of each open 
window as a list on the desktop. To use this option: 


ca 185 P1-6-33 


am 


Aero Snap 


Live Taskbar 
Thumbnail 


a 


Jump Lists 


a 


Windows Flip 


= 
i saree 


reverse the 
direction of the 

movement of the 
Flip windows 


Mg 


UNIX OS 


oP 


Features of 
UNIX 


Part 1: Chapter 6 


J, Press the Alt key from the keyboard 


2. Press the Tab key from the keyboard keeping 
the Alt key pressed 


3. A Thumbnail preview list of all open windows 
will appear on the Desktop 


4. Click the Tab key to move the active preview 
to the next thumbnail 


‘ selected preview window 


Using Window's Flip 3D 

The Windows Flip 3D feature shows live moving 
images of open windows, allowing you to switch 
between them while displaying them in a three- 
dimensional view. 


1, Press the Win key from the keyboard 


2. Press the Tab key from the keyboard keeping 
the Win key pressed 


3. A preview of moving open windows in 3D 3D Preview 
will appear on the Desktop Windows 


4, Click the Tab key to move the active preview 
to the next window 


5. Release the buttons to open the currently 
selected preview window 


The next most important and widely used operating system is UNIX. 


e History and development of UNIX 


The UNIX operating system was originally developed by a group of 
employees at the AT&T Bell Labs during the end of the 1960's. The team 
included Dennis Ritchie, Ken Thompson, and others (see picture). The 
UNIX OS was designed to be portable in nature which made it possible to be 
used in a wide variety of machine families than any other operating system. 
It is also a multi-tasking, multi-user operating system and used in both 
servers and workstations. 


The UNIX operating system was originally written in assembly language and 
the applications were developed in a mix of assembly language and an 
interpreted language called B. The programs were run on a PDP-7 system. 
As B was unable to fully support the programming needs, Dennis Ritchie 
developed the C language during 1971, By 1973 Ritchie and Thompson 
finally rewrote the UNIX OS using the C language. 


In UNIX, programs can also be written in UNIX's command language to control the different actions of t 
computer. The shell provides the platform to write these command language programs and use them. ft 
example several UNIX commands can be combined to form a shell script to do some specific job. 


« Features of UNIX 
The following are the important features of the UNIX operating system: 


a) Open System: The user Is able to write programs in UNIX to add to its capabilities. This makes * 
possible to extend the capabilities of UNIX and make it an open system. 


b) Reliable Security: The use of password protected accounts in UNIX makes it highly secure. 
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c) Powerful Kernel: The powerful kernel helps in optimal resource management and acts as a juard 
és n to 
virus attack, This makes UNIX a secure and highly stable operating system. 


d) Multi User System: UNIX was designed to be used in a multi-user environment. This helps in network 
implementation using UNIX. 


e) Multi -Tasking System: The multi tasking feature of UNIX makes It possible to simultaneously run 
multiple programs in a networked environment. 


f) Online Help: The online help facility provided by UNIX makes it easy to get help while working. 


e Working with UNIX 


When you are connected to an UNIX system, as it is a multi-user operating system, it will first present the 
user with the UNIX login message. A multi-user OS allows each user to have a separate environment to 
work with and accordingly is given a unique account. The user can access the system through one of these 
accounts. Each account is identified by a login user name which has to be entered in response to the 
login prompt. In case the account is password protected, next UNIX will ask the user to type in the password, 


Example: login: pratik pape eee Pe ee 
“ ‘password: rhe | 


Once the account name and the password are correctly entered, the user is finally logged into the UNIX 


system. After logging in, the user is presented with the UNIX prompt which is generally the $ sign for 
a user account, as shown below (it can be different for different shells or interfaces): 


Pasa 


Unlike DOS, the UNIX system has two different types of prompts. One is for the user (generally the $ 
prompt). The other is for the system administrator, who is also known as the root-user or superuser and is 
given the # prompt. The superuser has access to all parts of the UNIX system and can access all files and 
commands in the system. The superuser also looks after system configuration and setting up, maintaining, 
and deleting of user accounts. Thus out of a total of ‘n’ nodes there are n-1 user nodes and 1 super node. 
For a newly installed UNIX systems the session begins by entering root as the login name for the root user. 


Once logged in, UNIX automatically places the user in his home directory as determined by the system 
administrator while creating the user account. Whatever files and directories the user creates are stored in 
his/her home directory. Any modification that the user does to files in his home directory does not affect other 
users. Next the user has to type the commands in the UNIX prompt as required, Remember that unlike DOS, 
the UNIX commands are case sensitive. 


Once the work is over, the user has to log out of the system by typing the following command: 


» UNIX File System 


Files in UNIX are treated as a series of bytes. There is no distinction made between the types of files i.e. 
whether it is an ASCII file, binary file, or any other type of file. The meaning of the content of the file depends 
on the user of the file. File names in UNIX were initially up to 14 characters long but presently a file name 
can be up to 255 characters long. 


Unlike DOS, filenames in UNIX do not have an extension. If any extension is used, it will be taken as 
part of the file name. The user can specify file names as program21.C or prog_15.C to indicate files which 
are source codes of C programs, but to UNIX the .C portion will not have any special meaning. Moreover, 
such extensions can be of any number of characters and the number of such extensions can also be 
more than one, For example the file name Project.final.C Is a valid file name in UNIX. 


UNIX follows a hierarchical file system with directories and sub-directories. One can group files and directories 
and store them under other directories. However in UNIX the directories can also be treated as files. 


UNIX file system supports a single inverted tree directory structure irrespective of the number of physical 
disks connected to’the system. The most important directory in UNIX Is the root directory, indicated by 
the symbol ‘/’. All other physical disks connected to the system are treated as subdirectories of this root 
directory. The same symbol '/’ Is also used to separate directories and sub-directories (note that DOS uses ‘\’). 
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Unlike DOS, UNIX has a standard directory structure, Some of the standard directories unde the 
directory provided by the UNIX directory structure are listed below (note that the '/’ after the Mt, 
name Indicates that It is a directory and not a file), 7 


Major sub-diroctorlos of the Root Directory a Root Directory 


Contains Contains Contains Contains Contains y, 
Binary or Speclal Files Miscellaneous Libraries Direction” 
Executable for System Files = 
programs V0 devices 


In a multi-user operating system separate rights need to be given to different users, based on who hoy, 


allowed to read files, wrlte Into files or run certain programs, This is done to ensure that the files... 
secure, UNIX handles this problem by giving different file permissions to the different users, _ 
There are three types of file permission: 

» Read Permission: Read permission means a user can read the file only and cannot modify it. 

« Write Permission: Write permission allows the user to modify a file in addition to reading it. 

» Execute Permission: Execute permission means one can run the file as a program. 


There are also three levels of permissions: 

* Owner Level Permission: Owner permissions determine the activities permitted by the ovmer or «, 
creator of the file, * 

" Group Level Permission: Group permission determines the activities permitted by the members g, 
user group. The system administrator may assign a user account in one or more user groups such te 
only members In a user group can have access to certain files. 

* Others/World Level Permission: Others/World permission determines the activities permitted y 
users who are neither the file’s owner nor are in the file’s group. 


When a file is listed, the first column of the listing has a fixed set of 10 characters showing the file ty 
and the type of permission granted. The meaning of each character is given in the table below: 


Position | en Os ee ies 
This character indicates the type of the file. The most common types are —’ for a regular 

1 file, ‘d’ for a directory, and ‘I’ for a symbolic link. It can contain other characters like ‘¢’ which 
indicates a character device like a terminal, ‘b‘ which indicates a block device like a disk, ex. 


Description ae epee es: 


2to4 | Permission set for the directory or file’s owner. 


5to7 Permission set for the directory or file's group. 
8 to 10 | Permission set for all users who are neither the file’s owner nor a member of the file's group. 


Each permission set consists of three characters the meaning of which is given below: 
» r+ Indicating read permission for that set. If it is ‘’, then the file may be read by the user having 
this permission. If it is‘, then the file may not be read by the user. 


* w_: Indicating write permission for that set. If it is ‘w’, then the file may be written to or deleted byt, 
user having this permission. If it is ‘~’, then the file may not be written to or deleted by the user. 


* x + Indicating execute permission for that set, This value can be ‘x’ when the file can be executed, it 
can be's’ for execution with some additional privileges or may be ’ when it may not be executed: 


The following examples will illustrate some of the types of permissions possible. 


Example: drwxrwxrwx — Inthis example, the type of the entry is a directory. 
(JL The directory owner has permission to read, write and execute. 
Dir, Dir, User All The directory user group has permission to read, write and execute 
owner group users Also other users have permission to read, write and execute. 
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Example: drwxr-— r—— In this example, the type of the entry Is a directory. 
geese 7 The directory owner has permission to read, write and execute. 
Oir. gules seer se The directory user group has permission to only read the file. 
group Also other users have permission to only read the directory. 


Example: —rwxrwxr-— __ In this example, the type of the entry Is a file, 

ue ahi The file owner has permission to read, write and execute. 
The file user group has permission to read, write and execute. 
But other users have permission to only read the file. 


Example; -rwx------ In this example, the type of the entry Is a file. 
1 ed ee ee Only the file owner has permission to read, write and execute, 
File File User All The file user group has no permission to read, write, or execute, 
owner group users Other users also have no permission to read, write, or execute. 


File File User All 
owner group users 


e Booting of UNIX 


The exact booting sequence in UNIX depends on the type of distribution and the system on which it is 
running. Given here is a generalised description of the booting process in UNIX based on a particular 
distribution. 

When you start the computer running an UNIX operating system, the first sector of the boot disk is read 
and loaded into the memory. This sector contains a small program which executes and in turn loads a 
special program called the boot from the boot device (which is usually the hard disk). The boot program 
reads the root directory of the boot device to understand the file system and loads the kernel which in tum 
takes over and starts execution of the main portion of the operating system. Next the system starts auto- 
configuration to locate the I/O device drivers. 


After this hardware configuration phase, three different processes start. The first process i.e. process-0 
launches a program called init which then launches the other processes. Therefore init is a parent to all the 
other processes. It is also responsible for setting up the real time clock, and loading the root file system. The 
next process i.e. process-1 then checks if it is a single user or multi-user system and takes appropriate 
actions accordingly. It is also responsible for starting process-2. Then finally the login prompt is 
displayed by the process to read the user name and password. If login is successful, the user's shell is 
loaded, which finally waits for any further command from the user. 


e UNIX Shell Commands 


Let us now discuss the various commands in UNIX called the UNIX Shell commands that can be used to do 
the various operations discussed earlier for the other operating systems. 


The Is command is used to list the contents of a specified directory. If no directory is specified, the 
contents of the current directory are displayed. It is similar to the DIR command in DOS. File listing can be 
viewed in various forms based on the use of several switches, some of which are described below: 


-a__ Lists all contents including hidden files 

4 (el) Lists the contents of a directory in long form 

—d Lists only the name of the directory and not its contents 

-t _ Lists the contents in order of time saved, beginning with the most recent one 
~s _ Lists the contents in order of size 

-1 Lists the contents one entry to a line 


| Example: Sis 


aes ie EI PE s 

Output: prog01.C prog02.c yogesh 

The above Is command simply displays the contents of the current directory and displays the names of 3 files, 
viz. prog01.C, prog02.C, and yogesh. (Do not type the $ sign, as It represents the prompt, and will be 
automatically displayed on the screen). 
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usert groupi 62 

OWT eefee 4 usert groupt 55 i 

usert group! 265 Sep2 08:17 yogesh 

The stove ts command diplays the aontents of the current directory in long format using th. 

(di a0 10h 1) siltch and daplays the names of the 3 files along with the file details. Each column in 

listing displays @ certain property of the file. The last column displays the name of the file. The -.. | 

to coluenns display the tiene and date on which the file was created. The next column displays the numtee 4 | 

bytes of that fle, The next two calurnns display the group and user names. In this case these are groups. 

usert, The nent column displays the link counter, which displays how many files are symbolically linked 

the given file, The final column (Le. the actual first columnn in this case) displays the 10 character file ty, 
and fle permission information as discussed earlier, For example the file prog01.C has read/write 

for the wser 20 Only 124 permission for the group and for all other users. The example also shows that ». 

entry yogesh is 2 Girectory and not file (not evident from the short form of listing in the previous exampe, 


(Cmpaiitiaheoet “TLD L ETE 
Output: pict jpeg birthday jpeg biodatatert Darjeeling.bmp Budget_June09.dot 


The atove ts command displays the contents of the sub-directory yogesh which in turn is located under he 
usr directory under the root" (in this case 5 entries displayed). Note that the '’ symbol is used repeatedty » 
vepade the oto-Gretories and to indicate the full path of the sub-directory. 


The same listing can be displayed by using the relative path concept. If the user is within the usr ss 
Grecory, then the listing command can be alternatively written as: 

(Example: Bis tyogesy a | 
Output pict jpeg birthday jpeg biodatatext Darjeelingbmp Budget_June09.dbf 


The’ in the above Is command indicates the path of the current directory so that the path typed atone 
Gipays the reidtive path of the yogesh sub-directory, 


*  mbndic 


The mkdir command in UNIX is used to create a directory. While creating a directory, te 
—p s0hitch can be used to create the parent directories also, if these are not already created. It is smilar> 
the DOG MIKDIR or IMD command. Some of the uses of this command are stated below: 


The doove commenand crezAes the directory called yogesh under the current directory. 

The comenand can also be used to create directories within directories other than the current directory. Te 
ner excnge wees oxch 2 directory called pic under the yogesh directory located under the usr directory. 
| Example: Gmndir lusrtyogeshipic 


Miitiple olo-diredories can be created under current directory by writing the sub-directory names separte! 
DB Te BOG DANS ORM: REBT CS NOY, BOOTIES ie coapaces. es aaet 
eLny: 


Woes the commerand 's used with the -p switch, then both the sub-directory and the parent directory can te 
des, The following example will create both the sub-directory programs and the parent directory called 
sauro under the ourrent directory as shown below: 


nn EERE 
‘a 


‘The 04 comenand is ued to change the current directory of the shell. This current directory is also used 
by Ofer programs launched from the shell, It is similar to the DOS CD command. 
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We have seen that the root directory is represented by ‘1’ symbol. Therefore the following example can be 
used to move to the root directory: 


(example! Sed Tr Te 
The following example can be used to move to the parent directory from the current 
directory. The two dots *..' following the ed command is used to indicate the parent 
directory (this Is similar to the CD command of DOS). 


‘Brambles $d 


To move to any other directory from the current directory one can use the path of the 
directory along with the cd command. In the next example, the user can move to the 
directory /usr/yogesh/pic (see diagram on the right) from the current directory by 
using the cd command as: 


a lusryogeshibic 


* rmdir 


The rmdir command is used to remove an empty directory i.e. a directory containing no files or sub- 
directories. In case a non-empty directory with files or sub-directories is deleted using the rmdir command, 
then UNIX will show an error message and will not delete the same. To remove a directory using this 
command, first remove all files within that directory using the rm command and then remove all other sub- 
directories using the rmdir command. The user must also be in another directory to carry out the command. 


The following example can be used to remove the pic directory only after removing all files and sub- 
directories in it. 


To remove another directory from the current directory one can use the path of the directory along with the 
rmdir command. In the next example, the user can remove the directory /usr/yogesh/pic from the current 
directory by using the rmdir command. However the pic directory should be empty. If pic contains any files 
then those need to be removed first. 


The rm command is used to remove both files and directories. Care should be taken while using the 
command as files can get deleted accidentally. Two switches used commonly with this command are: 

-r Removes all files and directories in a specified location 

-i Removes files only after verification from the user 


[Examples Sin l 


The above example will remove the file birthday.photo from the current directory. It will however not ask 
you for any confirmation before deleting the file. 


Multiple files can also be deleted using this command by writing the file names to be deleted separated by 
blank spaces as shown below: 


Output: —prog01.C7y 
prog02.c 7 y 


a 


rmdir 
command 


am 


rm command 
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However in case 2 directory contains files and sub-directories, then to remove such 
2 Girectory along with the sub-directories and files, one has to use the -r 
switch along with the rm command. In the example shown below, the directory 
yogesh, contsining the sub-directory pic and all files within pic (see directory 
diagram on the right) are removed using the command along with -r. 


"Example: $1m + fyogesh 


In case the directory yogesh is removed without using the -r option, then the 
following exor message will be displayed to indicate that yogesh is a directory 
containing other files and directories: 


‘Bemple: $m fyogesh 
Output rm: yogesh directory 


[=<] 

The ep command is used to copy files. The command can be used to copy files to keep a backup of 2 f, 
or can be used as a template for creating another file. Some switches used with this command are: 2 
-+ (Copies directories (recursively) 

4 Prompts before overwriting a file while copying 

—¥ Show's the filenames as these are being copied 


[Béample: $ op biodata.docu old biodata.docu 
The above copy command will simply make a copy of biodata. docu with the new name old_biodata.docy 


\Grample: $cp 4 tikreport bak fmplgoirik 
oe | Source file to copy Destination directory = 
| The above copy command will make 2 copy of the file rik.report.bak present in the current directory to te 


target directory Mtmplgoirik with the same file name, Moreover using - UNIX will prompt you before copying 
in case it has to overwrite a file. Press y to carry out the command as shown below. 


Output: cp: overwrite rik.reportbak? y 
je: $ Fik.report fimplgoirikirik.report2009 


“The above copy command will make a copy of the file rik.report as in the previous example, but in this a= 
| the file will be copied with a different file name as rik.report2009. 


Multiple files with different names can also be copied from the current directory to another direcay 
| using this command. In the example shown below, three files are copied from the current directory to te 
| sub-directory goirik under the tmp directory. 

[Example: $cp i rik.bio rik.report computer.notes /tmp/goirik 


The nest example is used to make a copy of the directory pictures (under the current directory) and al 
cortents to the ftmp/old_pics directory using the -r switch. 


| 

| 

| 

| 

| | Example: $ep -ir pictures! fimplold pics, 

| Source directory to copy Destination directory 


| The my command is used to move or rename files. It can be used to move files from one directory © 

anther, Unlike a copy command, during a move operation no copy of the file is kept in the source director 

anid the file is totally moved to the target directory, 

While moving a file, the user can also rename the file using this command. The rename command can 25 | 


(@ 44 to rename a file in the same directory. One can also move directories and all its contents using t 
zene et comand, The switches used commonly with this command are: 
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-f Moves files without checking for confirmation in case of an overwrite 
1 Prompts before overwriting a file while moving 


The following example can be used to rename the file project.draft In the current directory to project.final. 
No copy of the file is made, but the filename is changed. 


[ Example: | $iriv | projectlaraft!/projectifinal : 
In the next example the file project.draft Is moved from the current directory to the sub- 
directory tmp/goirik 

| Example: $imv project.draft /impigoirik 


In the next example the file project.draft is moved from current directory to sub-directory 
Hmpigoirik, but simultaneously the name of the file is also changed to project.final 


$inv" project.draft /tmp/goirik/project.final 


Just like the copy command, while moving a file to the target directory if there is an existing file with the 
same name then UNIX will simply overwrite the existing file without asking for any permission. To avoid this, 


Output: — mv: overwrite project.final ? y 

The next example shows how to move a directory along with all 
its contents from one location to another. It moves the directory a5 
goirik along with all its files from usr directory to tmp directory. ig 


a a 


The cat command (short for concatenate) is used to display the contents of a file containing ASCII text | cat command 
onto the screen, without the need to open a text editor. It can also display multiple files concatenated 
together. Some useful switches used with this command are: 

-n_—_ Used for line numbering 

—s Used to squeeze sequences of blank lines into one 

-v__ Used to show non-printing characters 
The following example is used to print on screen the contents of the file pratik.cv (provided the file had been 
created earlier by a text editor). 


(Example!) § cat pratiiev™ ae mS e 
Output: Name: Pratik Banerjee 

Class: 11 

Section: E 


Fourth Subject: Computer Science 


The cat command.can also be used to.make a copy of a file by directing the output of the cat command to 
another file instead of displaying it on the screen. In this respect it works similar to the cp command, The 
following example creates a backup file using the cat command, 


new file 


command without any prompt. 


The cat command can also be used to create a file containing simple ASCII text instead of using a proper text 
editor. For example to create the file pratik.ev, we can use the cat command in the following manner. 
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Example: | $ cat > pratik.cv 

Output: Name: Pratik Banerjee <2 
Class:11. <4 
Section: E < 
Fourth Subject: Computer Science a 
Ctrl+D 


The above command creates a file called pratik.cv and sends the output from the keyboard (i.e. whatever 
you type after entering the command) one line at a time to that file. The following rules should be kept in 
mind while entering the data: 

» At the end of each line press the Enter key (+— ) 

» You can move around the current line using the backspace key. Moving in-between lines is not allowed 

« After finishing the typing, press Ctrl+D to save the file and get back to the prompt 
The cat command can also be used to combine two or more files into single file. Suppose there are twig 
| different files info.11 and info.12 containing the ID, name, class, and section information of students of class 
| 44 and 12 respectively, These two files can be combined to form a single file called info.HS using the ca 
command as shown below: 


| 
| Example: $cat info.11 info.12 > info.Hs 
| 


| One can use the cat command to add a file at the end of another existing file. The following example yj 
| append the contents of the file info.extra to the end of the file info.HS. The resulting file will have the initia, 
| content of the file info.HS followed by the contents of the file info.extra. 


| | Example: § cat infoextra >> infoHS 0) 


j* vi 

| The vi or visual editor can be used to create, load and edit ASCII files in UNIX. Like most word 

| processors, vi is a full screen editor allowing an ASCII file to be loaded and viewed one screen at a time, 
However viis extremely fast while scrolling through large documents. Vi however does not support document 


| formatting (bold, italic, underline etc.) and spell checking, which are common features in a word processor. 


| To start vi and. edit the new file puzzle, type the following command. The home directory is the current 
| 


vi editor 


directory in this case. 
(Example: $¥i puzzle 


| The screen shown to the right opens. The screen displays a series 
| of tildes (~) in the column 1 of the text editor. 


| Vi operates in two modes — namely text insert mode and 
| command mode. The normal mode for vi operation is the 
| command made. The text insert mode is entered from the 
command mode when the user wants to insert or replace text. 
Press the Esc key to come out of the text insert mode to the “puzzle” [New File] 
command mode. 


The tilde in the first column of every line indicates that no text is present in that line. The tilde disappears 
when some character is typed in each line, To insert text into the vi editor first press the i key and then start 
| entering the text. Press the Enter (  ) key to move to the next line. 


rprre~ezp,7z2—78 


| Question: Canyounamethree  <— 
| consecutive days without using <— 
| the words Monday, Tuesday, Pod 
| Wednesday, Thursday, Friday,  <— 
Saturday, or Sunday? o 
an 
ea 
<! 


Answer: Yesterday, Today, and 
Tomorrow 


| 
| 
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ing System 
Accidental errors can occur while entering text. Later these can be 
corrected using proper commands. However while entering a line of 
text the user can use the Backspace key to move back and correct 
an error. But once you press the Enter key after finishing writing a 
line, you cannot use the Backspace key to move back. After 
finishing writing, press the Esc key to get back to the command 
mode. The vi screen now looks like the one shown on the right, Suhel cae aes Kara 
To make the entered text permanent it needs to be saved, To save | ~ 


the file type :w and press Enter. Finally to quit the vi editor type :q 
jand press Enter. 


See —— == jl 
Question: Can you name three 
consecutive days without using 

the words Monday, Tuesday, | 
Wednesday, Thursday, Friday, 
Saturday, or Sunday? | 


“puzzle” (New File] | 


\To edit the text before you save it, you can use the following keys/commands. Get to the command mode 
to move around the text and then use the text insert mode to edit the text. 


Cursor Movement 
Left, Up, Right, Down 


Cursor Movement 
To the end of the current line 


To beginning of current line 


vi Function 


Gommand 


To the end of the file 


vi Function 


Enter text entry mode and insert text 
at the current cursor position 


Delete the character at the cursor 
Position. It may be preceded by a 
number to delete multiple characters 


Move to the first character in the 
current line and enter text entry 
mode 


Change the case of the character at 
the cursor position 


Append text after the current cursor 
position 


To leave the text entry mode 


Append text at the end of the current 
line 


Save the changes to the current file 
and exit the editor 


Replace a single character 


Exit without saving the changes 


al 


Some vi editor 
commands 


\ 
! 


* more | 4 

|The more command is used to paginate the output. The problem with the cat command is that if a file is 

too long, then it falls beyond the top of the screen. The job of more is to stop and wait when it fills the | Tor 
screen. The command will act like cat if the file is short. The Enter key can be used to read the next line and command 
the spacebar can be used to move to the next page. To quit the command press q. 


The following command is used to view the contents of the file soumya.hobby one page at a time. 


$more soumya.hobby e 


* chmod 


a 


chmod 
command 


The chmod command is used to change file 
permissions. The command uses a numeric scheme to 
specify various modes of permission. A mode is 
represented by an octal number as per the table 
shown to the right. 


Meaning ; 


Owner has read permission 
Owner has write permission 
Owner has execute permission 
Group has read permission 
Group has write permission 
Group has execute permission 
Allusers have read permission 
All users have write permission 
All users have execute permission 


| Numerical | 
400 


For example to grant read, write, execute permissions 
to the owner and only read permission to the group and 
all users, the required mode value is calculated by 
adding the numeric values that correspond to each 
‘ype of permission from the table shown to the right 
(the grey shaded cells) as 
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(400+200+100+040+004)=744, The command line to apply this permission on the file biodata vill be. 
| Example: § chmod 744 biodata 
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| 
oP = who Ne | 
who command | The who command is used to display who else are logged onto the system at a given time, 

(Example: $who Tae ee ea , 


Output: —_pratik term/08 Jul 20 11:45 
goirik term/05 Jul 20 12:45 
sanjit term/02 Jul 20 09:35 


The output gives the username, terminal ID no. and when that user had logged into the system, 


o> * cal 


cal command The cal command is used to display a one month calender on the screen. 
“Example: §cal aier ane ae 


eo + Wild Card characters in UNIX 


Witd card | Using wild card characters it becomes easy to deal with a set of files and directories with a sing, 
characters command. Wildcards allow the user to specify similar files without having to type multiple names, jt & 
allows the user to search for files even if the exact name is not known. There are three types of wile 

used in UNIX, These are *’, *?', and a pair of square brackets i.e. ‘[...]’. The following example will diy, 
names of all files that start with the word project. 4 


| Example: $is project* ‘ ae ee sete Sele sees Se 


Output: project project.draft project.final project.hs 


In the previous example we have seen that the “ wildcard is used to match any number of characte, 
in the filename. Moreover it can be used anywhere in the string as shown below. 


The following example will display names of all files that contain the string prog. The’ in front of the Sting 
and also at the end indicate any number of characters in front or at the end of the string. a 


“Brame: 
Output: 


Unlike the *” wildcard, the ‘2’ wildcard is used to match a single character. The following example iss 
all files that start with the string prog and have a single extra character at the end. 


Bale: Si zi 


Output: progi prog2 progé prog? 


The following example similarly will list all file names that start with the string prog and have only two extr 
characters at the end. 


f Example: $Is prog? i 


Output: progi0 progi2 prog32 prog41 


The “ and ‘?’ characters can also be combined to display specific names. The following example combirs 
these to display the names of all files that contain the string layout. There can be any number of charac 
before the string layout as indicated by the *’ wildcard, but there can be only one character after the st™ » 
layout as indicated by the ‘?’ wildcard placed after it. 


Example: $1s *ayout? 


Output: = draft.layout1 = draft.layout2 _final.layout1 submitlayoutt 
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Apart from the above two wildcards, the third one used in UNIX is the [...] wildcard to match s; 

pecific 
characters. This option becomes helpful when the user is looking for files without being sure about the case 
of the characters. As UNIX is case sensitive, this can be useful, 


The next example looks for files with starting character either * S' or 's’ followed by anjit.class11, 
"Example: $s [SsJanjit.classi1_ ® 
Output: = Sanjit.class11 


A range of characters can also be specified using the ‘“’ sign. The following example can look for files 
which end with the characters a, b, c, and qd. 


[ Example!) $15 project [a-c)_ 


Output: projecta project.b project.c project.d 


Though we have done the discussion with only the Is command, the above wildcards can also be used | 


a 


with the other commands like cp, my, rm etc. 


= Piping operation in UNIX 


The idea of pipes plays an important role in UNIX programming. A pipe is set up to indicate that the output 
of one command will be used as the input for another command. Unlike redirection (see examples of 
the cat command) which sends the output to another file, a pipe sends the output to another command. 
Thus a pipe can be thought of as a temporary file that holds the output of the first command for the second 
command. There are no limitations to the number of pipes in a command line. The character ‘|’ (placed with 
the 'V key) is used to indicate a piping operation. 


The following command is used to view the listing of the directory /usrlyogesh page by page. The output of 
the Is command (with the +1 option to create a long listing) is piped into the more command, which displays 
the [isting one screen at a time. The use is similar to the use of the DOS DIR command along with /p switch. 


sis: Jusriyogesh | more Pa 


e UNIX Shell 


After logging into UNIX, the user is put into his/her login shell. A shell is basically a program like any 
other UNIX programs. However, it is a special program in the sense that it serves as the interface between 
the user and the UNIX system and translates the instructions given by the user in a way that the 
UNIX system can understand. It tells the UNIX system, where to find specific fi les, where the home 
Girectory is, and in general how to deal with the user's presence. | 


There are several shells available in UNIX. The user usually sticks to the shell that the system 
administrator has chosen for the user. Some of the popular shells are described below. \ 


= The Bourne Shell: This shell was shipped with the original System-V release of UNIX in 1979 and has 
remained almost unchanged since then. It was named after its developer Stephen Bourne. The UNIX 
fname for this shell is sh. 

= The Korn Shell: It was developed by David Kom by adding several useful features over the 
functionalities of the Bourne shell. Therefore scripts developed for the Bourne shell can run without any 
Problem in the Korn shell. This shell is represented by the UNIX name ksh. 

* The C Shell: This shell was developed by Bill Joy while working on the release of Berkeley UNIX (also 
called BSD), The C shell includes features like job history, aliases and some other features. It is also 
structured in line with the C programming language. The C shell Is therefore different from both the 
Boume and Korn shells. It is represented by the UNIX name csh. 

= The Job Shell: It is an extension of the Bourne shell and has features developed for handling multiple 
jobs. It is represented by the UNIX name jsh. 


The following command can be used to find the shell where the user is logged into, Usually shell names end 
with sh. iss if you are in the Korn shell, then the output c of the compan will be: 


| Piping 
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Comparison between DOS and UNIX Commands 


UNIX Command 


DOS Command _ 


ATTRIB 
CDI/CHDIR 
cLS 
COPY 
copy CON 
DEL/IERASE 
DELTREE 
DIR 
EDIT 


Used to change file permission 
Used to change the directory 
Used to clear the screen 

Used to copy the contents of a file 

Used to create a file 

Used to delete a file 

Used to delete the contents of a directory 
Used to display a directory listing 

Used to create and edit a text file 

Used to make a directory 


MD/MKDIR 
MORE Used to display one screen of data at a time 
RD/RMDIR Used to delete a directory 


Used to rename a file or a directory 
Used to display the contents of a file 


REN/RENAME 


an 


of Linux, the powerful features of UNIX were not available for home computers. 


° History and development of Linux 


The name Linux comes from the Linux kernel that was originally 
written by Linus Torvalds, then a student at the university of 
Helsinki. The first Linux kernel released to the public was Version 0.01 
on May 14, 1991. To make a complete operating system the other 
components of an operating system, like libraries, compilers, text 
editors, a UNIX shell, and a windowing system were also incorporated 
into the system. These components were added from the GNU Project 
that was started by Richard Stallman in 1984. GNU programs are all 
released under a special licence called the GNU Public Licence which Richard Stallman & Linus Torvats 
describes the principles of free, open-source software. The licence was 

written in 1989, after Stallman started the Free Software Foundation. Therefore the aim of the GNU Projet 
was to create complete UNIX compatible software, that contained only free software. 


By the term ‘free’, it means two things. Firstly, the user does not have to pay for the software, xt 
secondly the user can have full access to the source code of Linux. The user can copy it, modify it, # 
again redistribute it to another person if he wants. The only condition is that the source must be fe) 


available to all, 


Linux vendors and communities combine and distribute the r ace 
kernel, GNU components, and non-GNU components, with 35d 2h Ep tas 
additional package management software in the form of 
Linux distributions commonly called ‘distro’. Although by 
the terms of the licence no one can charge for Linux, but the 
user of the distribution has to pay for the distribution. 
This distribution can be in a CD/DVD ROM, in a box with a 
manual or can be via the Internet. Accordingly the 
distribution charges can vary. Some vendors, like Debian, 
develop and fund their distributions on a volunteer basis. 
While others, like Red Hat with Fedora, maintain a community 
version of their commercial distributions. In many cities and 
regions local associations known as Linux Users Groups 
(LUGs) seek to promote their preferred distribution. 
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The Linux logo Tux (the penguin) is shown on the ri i r| 

- ight. Many types of applications available 

for Microsoft Windows are also available for Linux. Commonly, either a free softiare application | 
| 
| 
} 


will exist which does the functions of an application found on another operating system, or that 
application will work on Linux. 


e Structure and Working of Linux 


Linux uses a monolithic kernel, the Linux kernel, which handles process control, networking, and peripheral 
and file system access. As the Linux kernel is under constant development, a numbering pattern is followed to 
identify the nature of the kernels. Kernels with an odd numbered minor version, like 1.1, 1.3, 2.1, are 
development kernels; whereas even numbered minor version ones are stable production kernels. The device 
drivers are integrated directly with the kernel, Users can operate a Linux-based system either through a 
command line interface or through a graphical user interface. The graphical user interface used by 


most Linux systems is based on the X-Window System. For desktop systems usually a graphical user interface | 


is used and KDE, GNOME, and Ubuntu are some of the most popular graphical user interfaces. 


After installing Linux when it is started, the user will see the login prompt. Just like UNIX, for the first time 
login the only user on the system will be the super-user known as root. To log in, the user has to enter his 
username at the login prompt and the password at the password prompt. After a successful login, | 
the user will be placed at the Linux prompt. After logging in for the first time, a new user needs to be added. 


= <i sT A ach Lh nata <8 RE a} 
Next, the password for this user is set by using the following command: 


Finally press Ctrl+D to logout from the system. 
Similar to other UNIX systems, Linux disks are organised into a logical tree structure of directories. Each | 


directory can in turn hold other sub-directories or files (both program and data). As usual, the base of the | 
tree is called the root and is represented by the Y’ sign. 


Again, just like UNIX, some root level directories found in Linux are, bin, boot, dev, etc, home, lib, root, | 
tmp, usr, sbin etc. each having its own specific content similar to the UNIX file system. Therefore the | 
following path shows the location of the file biodata.dat within the sauro sub-directory which in tum is 
located under the home root directory. \ 
[Example: Gielsauhaibiodala cat | aay 


A Linux filename can be any length long but are case sensitive. In case they contain spaces, when used with | 
a command they may need to be enclosed within double quotes for a command to know that it is a single | 
filename. Therefore “project”, “Project” and "PROJECT" are all different names and can co-exist. 


« Command Line Interface commands in Linux 


Just like UNIX, after the user logs in into his new username, he will be placed at the Linux shell prompt. The 
prompt will be displayed with the $ sign, but prefixed with the username, the name of the Linux machine and 
the current directory name. 


Two types of commands can be entered at the shell prompt. These are Shell Commands and Programs. 
The shell commands instruct the shell to do something and are used for job control, and control of how the 
shell operates and the user environment. Whereas typing a program name causes the shell to go and find 
that program on the hard disk and run it. 


The basic file handling commands in Linux are the same as that used in UNIX and hence are not discussed 
elaborately here. The description for some of those commands is given below: 


Used to display the current system date and time 
Used to list directory contents 
Used to copy files 

Used to display the contents of files 
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Used to rename files 
“Used to delete files permanently 

Used to create a directory 

Used to remove a directory 

Used to change the current working directory 

Used to display the contents of a file one page at a time 


Used to search for a file within a given directory and its sub-directories 
Used to start the standard text editor 
Used to change file permission 


«The hardware part of a computer on its own is useless and cannot do any useful work. The hai 
needs to be driven by means of software programs, which specify the tasks to be done by th, 
computer 

| | «System software are used to run the computer and manage the different resources of a computer 

|| « The Operating System (OS) is the most significant system software and acts as a link between the 

hardware and the user 

«The OS sets the environment in which the programs work and the user interacts with the computer 


* Library Programs are used to do certain utility jobs that include finding files, compressing files, disy 
defragmenting etc. 


«Editor Is a text editing software that is used to create, open, or edit a text file 

« An Assembler is used to translates an Assembly Language Program to Machine Code 

«An Interpreter is used to translate a program written in a high level language to machine code and simultanecus 
execute the converted code 

» A-compiler is a program used to convert a program written in a high level language to machine 
language. But a compiler only creates an object program, but does not execute the program 

* The output of the compiler is the machine language code also called the object program 

«  ALinker is a system software that is used to combine or link two or more object programs to forma 
Load module 

* Application and General Purpose Software are user developed programs that are made to carry out specific jobs ike 
stock management, school management, hospital management, payroll etc 

* When a program is executed, it is broken down into a number of smaller units called processes or 
jobs. Each process acts as a unit of work for the processor and shares the computer resources like the 
CPU, memory space, files and input/output devices 


«Any new process entering a system must initially go to the Ready state. In this state it waits in a queue along wit 

| other processes for the CPU time to be assigned to it 

» In the Running state the process has control over the CPU and uses it to get executed 

* In the event of an input/output operation, or an interrupt, the Running state of a process is changed to Blocked 
state 

| | * The Memory Management Module of the OS is responsible for the allocation and de-allocation of 

| memory space to various programs 

The Device Management Module of an OS keeps track of the input/output requests from various processes, issues 

| commands to the Input/output devices and ensures correct data transfer to and from the those devices 

* The File Management Module of the OS deals with creating, naming, storing, retrieving, organising 
and the security of files 

* The Security Management Module of the computer Is responsible for protecting the computer system from misuse, 
errors in programs and ensures a smooth run 

The Command Interpretation Module of an operating system takes care of interpreting the user | 

commands and directing the system resources to handle the requests 

|| + Mainframe Operating Systems serve mainframe computers 

Batch Processing Operating Systems are used for processing a set of jobs without any human 

intervention like payroll file processing, weather forecasting, statistical analysis etc. 

To separate one job from another for a batch of jobs, special languages called job control languages | 

(JCL) containing control statements are used 

4S a single job Is processed at any given time by a batch processing OS, there is no competition for inputfoutpt 

devices. Therefore memory management, file management, and 1/O management are very simple in such a syste 
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Multiprogramming Operating Systems use interleaved execution of two or more different independent 
jobs or programs by the same computer 
Amultitasking operating system can handle multiple tasks together by applying multiprogramming techniques 


Multiuser Operating System allows multiple users to access a computer through more than one 
terminal. Examples include the Railway booking systems 


Multiprocessing Operating Systems have multiple independent processors that work in parallel 

Time Sharing Operating Systems allow various users to share the CPU, memory and other resources of 
the computer system under its supervision 

Real Time Operating Systems are used in places where the response time required for data processing is critical, 
Examples of such processes are air traffic control, nuclear power plant monitoring 

Network Operating Systems are used in computers connected in a computer network, like a LAN 


Distributed Operating Systems have several computers that are connected together and process a given job 
sharing the job load between them yeh Ke oy 


Personal Computer Operating Systems are used in PCs and are usually meant for home use 


‘The Kernel is the innermost layer and is the central controlling part of the operating system. It always resides in the 
main memory and directly communicates with the hardware of the computer 


The Shell is the layer next to the Kernel and usually serves as the user interface 


Common types of user interfaces in an operating system include Command-Line Interface (CL) or Character User 
Interface (CUI) like in DOS, and Graphical User Interface (GUI) like in Windows 


In a Command Line Interface (also called a Character User Interface) the user interacts with the 
operating system by typing commands on a command line 


Ina Graphical User Interface a window and menu based graphical interface is used which can be operated by using 
a pointing device like a mouse 

The operating system maintains a directory or folder structure to store data in a computer storage 
media like a hard disk. The data is stored by the computer system in the form of files 


A file is a collection of related data or information that is stored in a secondary storage media, A file can be either a 
data file or a program file 


A data file basically stores data and can be numeric, alphanumeric, or binary in nature 
A program file contains executable code and is also called an executable file or exe file 


Each file is identified by a file name and an optional extension name which can be used to specify the 
type of the file 


Afile may also have certain file protection attributes like read-only, archive, system or hidden, which determine the 
type of file access given to the user 


The various operations possible on a file include file creation, deletion, renaming, opening, closing, 

sorting, modification, copying etc. 

Transaction File is used to store input data temporarily until it is processed. For example a transaction 
file may contain the weekly data of employees in an organisation 

Master File contains all the current data relevant to an application. Master files contain descriptive data which are 
permanent in nature, such as ID, name and address of an employee in an organisation, his gross salary etc, 

Some applications use multiple programs for data processing. In such an application, the output 
produced by one program is used as an input for the next program. Here the temporary output of the 
first file is stored in a file called the output file 

Data processing applications need to generate various types of reports based on user queries. A report file contains 
a soft copy of such a report 

A backup file is used to keep a copy of a given file as a backup 

Ina serial file organisation records are stored in no particular logical sequence but stored serially one after the other 
In a sequential file organisation, the records are stored in a particular order with respect to a given 
field of the record 

In an indexed sequential file organisation the records are physically ordered with respect to a search key in the file, 
In addition to that, a primary index for the file Is also maintained 

In a direct file organisation the records in the file can be accessed directly using a special process on 
the search key of the file 

Directories are used to group other directories or files and put them under a common heading. 

Each directory can have a number of entries, one per file. When a file is created, a new entry for the 
file is created in the directory 

Whenever a file is created, the operating system allocates the required number of clusters for storing the file 
depending upon the file size. Computers maintain on the disk, a table Indicating the cluster location of a file. This 
table is known as the File Allocation Table or FAT and serves as a file index 


The FAT is the most important area in a disk as it stores information regarding the location of a file 
and the availability of free space to store new files 


26 


201 P1-6-49 


Part 1; Chapter 6 


* The procedure of starting a computer by loading the basic components of the operating system Wty 
memory Is known as booting *h 

* The Power On Self Test (POST) is a diagnostic test that checks the state of the various AM, 
the computer system \ 

* Depending upon the way a booting takes place, there are two different types of booting processes nary 
Booting and Cold Booting 

* Warm booting skips the RAM test 

= Spooling or Simultaneous Peripheral Operations On-Line is a technique used to solve the problem a 
mismatch between the processor and peripheral devices like printers, keyboards etc, ly 

* Amemory management scheme called Virtual Memory overcomes the problem of Insufficient &, 
allowing the execution of processes using techniques like swapping and demand paging al 

= Swapping Is the process of transferring a block of data from the high speed on-line secondary storage th y, " 
memory (RAM) or vice versa . 

«DOS Is a single-user, single-tasking operating system that offers a command line Characte, 
interface through which the user has to type In the commands to execute them My 

* The commands given to DOS are in general computer programs. Depending upon the location of the Hy, 
these are classified as Internal and External commands 

«The internal commands form a part of the COMMAND.COM program and Include commands Whe 6 
DATE, TIME, DIR, CD, MD, RD, COPY, DEL, RENAME 4 

= External commands on the other hand are command programs that are kept In the disk until they are resus 
include commands like DISKCOPY, SYS, FORMAT, XCOPY, MOVE, BACKUP, RESTORE, DELTREE, ATTRIB 

* The scandisk utility checks the disk surface for any physical damage and tries to repair the 
surface first and in case it is unable to do so, it marks the damaged area as containing bad Sein, 
the FAT and prevents further writing of data on that portion 

= Before the disk can be used in a computer system It must first be prepared by a process called disk forrnalticn 

* The pattern that is laid out during formatting, first divides the surface of a disk Into a Auris 9 
invisible concentric circles called tracks. Each track is again further subdivided Into smaller verti, 
called sectors during formatting . 

= In Batch Processing, DOS allows to group several commands into a file with the extension ‘bat’ (for batch) 

= Microsoft Corporation, co-founded by Bill Gates Introduced the first version of the Windows Opera, 
System in 1985 

* Windows uses a GUI and allows users to run multiple applications at the same time using multitasking 

* The working space of the Windows system is known as the Desktop 

= Over the desktop are placed small pictures called icons of the different parts of the computer that one warts w 
like files, folders, recycle bin, network etc 

= At the bottom of the desktop is an area called the Taskbar. Whenever a program starts, an oe 
window button for it appears on the Taskbar. The taskbar also displays the system time and prog, 
icons for quick launch of programs by a single click on them 

« When a program icon is clicked and the program Is loaded into memory, the program appears in a resangu 
frame called a Window on the screen 

* Each window contains a Title Bar across the top that indicates what the window contains. Wher! 
particular window is chosen, the title bar of that window gets highlighted 

= The region below the title bar represents the actual working area of the program. It contains a horizontal it! 
menus called the Menu bar. Below the Menu bar is a set of buttons that form the Toolbar 

* A window can also contain Scroll Bars to view the different parts of a program or file that are low, 
or wider than the size of the window 

= The registry is the place where Windows keeps most of its configuration information 

"To access any file or folder, one can click on the My Computer icon on the Desktop, when th 
Computer window opens 

* Notepad Is a simple text editor that can be used to type simple text in a given font style and size 

* Files or folders deleted by an user are not initially permanently deleted from the system. Thes * 
first stored in a special folder called the Recycle Bin 

= Aprogram once Installed cannot be removed simply by deleting the installed program file. It needs to be unrs2# 
both from the computer and from the Windows Registry 

. pit Peeamentar utility can be used to analyse and defragment files in a secondary storage fe! 

al 


. he Nx operating system was originally developed by a group of employees at the AT&T Bell Labs during té # 
of the 1960's 


* The UNIX OS was designed to be portable in nature which made It possible to be used in a ¥4 
variety of machine families than any other operating system 


Wh, 
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The UNIX system uses a hierarchical file system, plain text for storing data, and treats devices as files 


UNIX also uses the concept of piping whereby small programs can be lined together using a command line 
Interpreter such that the output of a file acts as the input for the other to give the final output 


Each account Is Identified by a login user name which has to be entered in response to the login 


prompt. In case the account Is password protected, next UNIX will ask the user to type in the 
password 


The superuser has access to all parts of the UNIX system. Accordingly, he can access all files and commands in the 
system. Superuser also looks after system configuration and setting up, maintaining, and deleting of user accounts 


‘Once logged in, UNIX automatically places the user in his home directory as determined by the system 
administrator while creating the user account 


Unlike DOS, the UNIX commands are case sensitive 


Unlike DOS, filenames in UNIX do not have an extension. If any extension is used, it will be taken as 


part of the file name. Thus the user can use an extension for a file for his own convenience, but it is 
not a requirement for UNIX 


Unlike DOS, UNIX has a standard directory structure 


There are three types of file permissions, these are Read Permission, Write Permission, and Execute 
Permission 


‘There are also three levels of permissions, these are Owner Level Permission, Group Level Permission, Others/World 
Level Permission 


There are several shells available in UNIX. The user usually sticks to the shell that the system 
administrator has chosen for the user 


The Bourne Shell was shipped with the original System-V release of UNIX in 1979 and has remained almost 
unchanged since then 


The Korn Shell was developed by David Korn by adding several useful features over the functionalities 
of Bourne shell 


The C Shell was developed by Bill Joy while working on the release of Berkeley UNIX (also called BSD). The C shell 
includes features like job history, aliases and some other features 


Linux is an operating system that belongs to the UNIX family of operating systems. Before the advent 
of Linux, the powerful features of UNIX were not available for home computers 


The name Linux comes from the Linux kernel that was originally written by Linus Torvalds 
The first Linux kernel released to the public was Version 0.01 on May 14, 1991 
The GNU Project was started by Richard Stallman in 1984 


GNU programs are all released under a special licence called the GNU Public Licence which describes 
the principles of free, open-source software 


By the term ‘free’, it means two things. Firstly, the user does not have to pay for the software, and secondly the 
user can have full access to the source code of Linux 


Linux vendors and communities combine and distribute the kernel, GNU components, and non-GNU 
components, with additional package management software in the form of Linux distributions 


For desktop systems usually a graphical user interface is used and KDE, GNOME, and Ubuntu are some of the most 
popular graphical user interfaces 


Qi. 


Multiple Choice Questions. Select from any one of the four options. 
i) The hardware part of a computer can do any useful work only in the presence of: 
a. software b. hard disk drive c. keyboard d. VDU monitor 
ji) Software used to run the computer and manage the different resources of a computer: 
a. Compiler software b. Translator software __c. System software d. Interpreter software 
iii) | The most significant system software is the: 


leach 


a. compiler b, loader c. linker d. operating system 
iv) Operating System acts as a link between the: 
a. hardware & user b, software & user c. hardware & software d. all of these 


¥) Programs used to do utility jobs like finding or compressing files, disk defragmenting etc. are: 
a. library programs b. application programs c. general programs d, anti-virus programs 
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vi) Program used to translate an assembly language program to machine code is: 
a. an interpreter b. an assembler c. a compiler d. an editor 
vil) An interpreter is used to translate a program to machine code from: 
a. C language b. high level language c. assembly language —_d. none of these 
vil) A compiler is used to translate a program to machine code from: 
a, BASIC language b. assembly language _c. high level language —_d. none of these 
ix) The output of a compiler Is the machine language code also called the: 
a. opcode b. object program c. machine program d. executable program 
x) When a program is executed, it is broken down into a number of smaller units called: 
a, segments b. units ¢. jobs d. objects 
xi) Any new process entering a processing system must initially go to the: 
a, running state b. process state c. blocked state d, ready state 
xii) In case of an interrupt, the running state of a process is changed to: 
a, occupy state b. stop state c. process state d. blocked state 
xiii) The OS module that keeps track of the input/output requests from various processes; 
a. file management b, device management c. data management da link management 
xiv) Operating system used for processing a set of jobs without any human intervention is called a: 
a, Job Processing Operating System b, Batch Processing Operating Systems 
c. Code Processing Operating System d. Data Processing Operating Systems 
xv) To separate one job from another in a batch Processing OS, special languages used are called: 
a. job languages b, job set languages —_c. job control languages d. job data languages 
xvi) An operating system that can handle multiple tasks together: 
a. multi-variable operating system b. multi-processing operating system 
c. multi-operation operating system d. multi-tasking operating system 
xvii) An operating system that allow various users to share the CPU, memory and other Fesources of the 
computer system under its supervision is called a: 
a. time sharing operating system b. time splitting operating system 
c. time manoeuvring operating system d. time managing operating system 
xviii) An operating system used in places where response time required for data Processing is critical: 
a. critical me OS. b. response time OS _c. real time OS d. special time OS 
xix) The innermost layer which is the central controlling part of an operating system is the: 
a. core b. shell c. kernel d, link 
Xx) The layer next to the kernel that usually serves as the user interface is called the: 
a. shell b. core c. interface d. view layer 
xxi) CLI stands for: 
a. Command-Letter Interface b. Command-Line Interface 
c. Code-Line Interface d. Computer-Line Interface 
xxii) GUI stands for: 
a. Graphical Utility Interface b, General User Interface 
¢, Graphical User Interface d, General Utility Interface 
xxiii) A file is a collection of related: 
a. operations b, pictures c. code d. data 
xxiv) A program file that runs Is also called: 
a. a data file b. a code file c. an executable filed. a running file 
xxv) File used to store input data temporarily until it Is processed Is called a: 
a, Temporary File _b. Transaction File c, Token File d, Test File 
xxvl) A file that contalns all the current data relevant to an application: 
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a. Data File b. Current File c. Transaction File d. Master File 
Records are stored in no particular logical sequence in a: 

a. serial file b. sequential file c. transaction file d. direct file 

Records are stored in a particular order with respect to a given field of the record in a: 

a, serial file b. transaction file c. direct file d. sequential file 
Inan indexed sequential file the records are physically ordered with respect to a: 

a, data key b. super key c. sequential key d. search key 

Files can be grouped together and put under a common heading called a: 

a, class b. section c. directory d. group 

Area in a disk that stores information regarding the location of a file is called the: 

a. MAT b. FAT c. SAT d. PAT 

The procedure of starting a computer by loading the basic components of the operating system 
into its main memory is known as: 

a. listing b. starting c. loading d. booting 

The diagnostic test that checks the state of various components of the computer system is: 
a. COST b. HOST c. POST d. EOST 

There are two different types of booting processes namely cold booting and: 

a. warm booting b. hot booting c. general booting d. test booting 

The RAM test is skipped by: 

a. hot booting b. general booting cc. test booting d, warm booting 


The technique that solves the problem of speed mismatch between processor and peripheral 
devices is called: 


a. spooling b. scaling c. speeding d. matching 
Amemory management scheme that overcomes the problem of insufficient RAM is called: 
a. virtual memory —b. additional memory __c. real memory d. ROM 

The full form of DOS is: 

a. disk opening system b. data operating system 

c. daily operating system d. disk operating system 


DOS commands are classified as internal and: 

a. data commands b. external commands. virtual commands . d. operating commands 
The intemal DOS commands form.a.part of the program called: 

a. utility.com. b. system.com c. program.com d, command.com 

The utility that checks the disk surface for any physical damage and tries to repair it is called: 

a. scanning disk b. scanner disk c. scan disk d. repair disk 

Before a hard disk can be used in a computer system it must be prepared by a process called: 

a. disk editing b. disk testing c. disk formatting d. disk checking 


The pattern laid out during formatting of a hard disk first divides the surface of the disk into a 
number of invisible concentric circles called: 


a. dusters b. sectors ¢. lines d. tracks 

Each track is further subdivided into.smaller sections called sectors during formatting: 
a. dusters b. lines c, tracks d, sectors 

The working space of the Windows system is known as: 

a. Desktop b. Computer top c. Screen top d, Windows top 
Windows operating system keeps most of its configuration Information in the: 

a. system file b. registry file c. log file d. command file 
To access any file or folder, one can click on this icon on the Desktop: 

a. Recycle Bin b. Networks c. Documents d, Computer 
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Notepad Is what type of software? 

a. text editor b. photo editor c. audio editor d, video editor 

A drawing and painting software supplied by Windows is called: 

a. PhotoEdit b. Draw ? c. Paint d, Design 

Files or folders deleted by an user are first stored in a special folder called: 

a, Recycle Bin b. Recycle Area c. Recycle Bag d. Recycle Store 
The utility used to analyse and rearrange files in a secondary storage like a hard disk is Calleg: 
a. disk rearranger _b. disk editor c. disk monitor d, disk defragmenter 
The DOS command used to clear all the other commands already typed in the screen is callag. 
a. CLEAR b. CLS c. CLR d, CLEAN 

The DOS command used to list all the sub files or sub directories under a given directory js: 
a. DIR b. LIST c. MENU d. LS 

The DOS command used to create a new directory or folder in DOS is called: 

a. MD b, CD c. RD d. FD 

The DOS command used to delete a directory or folder in DOS is called: 

a. MD b, RD c.CD d, DD 

The DOS command used to move from one directory to another in DOS: 

a. RD b. CD c. MV d. MD 

CON is the device name used in DOS to indicate a console i.e, the: 

a. mouse b. keyboard & monitor c. hard disk d. CD drive 

The command in DOS that can be used to create a data file is: 

a. control con b. copy con ¢. copy file d, file con 

The command copy MyData.txt con in DOS can be used to: 

a. display a file b. print a file c. create a file d, rename a file 

The REN command in DOS is used to: 

a. replace a file b, rename a file ¢. repair a file d. read a file 

The DEL command in DOS is used to: 


a. delete a file b. delete a directory —_c. delete a file or folder d.. all of these 


xi) The DOS command used to view a listing of files & folders in an easy to read graphical format: 

a. view b. graph c. tree d. display 

lxili) The DOS command used to move a file from one location to another: 
a. ren b. move c. copy d. cd 

Ixiv) The DOS command MOVE MyDocs Document \s used to: 
a, delete a file b. rename a file c. move a file d. copy a file 

Ixv) The DOS command that helps to set the attribute for a file is: 

a, attb b. attr c. attribute d. attrib 

Ixvi) The DOS command used to display the disk or drive space specified is: 
a. vim b. volume c. vol d.vm 

Ixvil) The DOS command used to check a disk for errors and display a status report, is: 
a. checkdisk b. chkdsk c. checkdsk d. chkdisk 

Ixviii) A data file can be created or edited in DOS using the command: 

a, attrib b. rename ¢. create d. edit 

Ixix) The wildcard character symbol used to specify a group of characters in a file name is: 
ad# b? a$ d.* 

Ixx) The wildcard character symbol used to specify a single character in a file name is: 
a.? b. * a# d.¢ 

Ixxi) Which one of the following Is not a type of file permission in UNIX? 

P1-6-54 206 


« idiments of ‘Computer Science 


\ posi) 


\ od) 


{ bociv) 


bov) 


bovi) 


box) 


Operating System 
a, write b, copy c. read d, execute 
Which one of the following is not a level of file permission in UNIX? 
a, world b. owner c. user d. group 
Which one of the following commands is used to view the directory listing In UNIX? 
a. list b. dir c. show d. Is 
Which one of the following commands is used to remove only directories in UNIX? 
a.m b. del cord d. rmdir 
Which one of the following commands can be used to remove both directories and files in UNIX? 
a. remove b.rm c. rmdir d, del 
Which one of the following commands can be used to rename files in UNIX? 
a. ren b. mv c. rename d, cp 
Which one of the following is not a wild card character used in UNIX? 
a] b.* c.? de 
Which one of the following is not a type of shell in UNIX? 
a. Sea b. Job c. Korn d, Bourne 
‘The process where the output of a command serves as the input of another command in UNIX: 
a. flow b. channel ci/o d. piping 
The text editor name used in UNIX: 
avi b. edit c. edlin d. notepad 
(Q2. Short Answer type questions: leach 
What do you mean by system software? 
What is the use of a text editor? 


What is an assembler? 

What is an interpreter? 

What is a compiler? 

State one difference between a compiler and an interpreter. 

What do you mean by application software? 

What category of software are a compiler and an interpreter? 

State the name of any two important functions of an operating system. 
State the use of the device management module of an operating system. 
What is a multitasking operating system? 

What is a kernel with respect to an operating system? 

What is a shell with respect to an operating system? 

Write the full form of POST in connection with booting. 

Write the full form of GUI. 

Write the full form of CLI. 

State one difference between a command line and a graphical user interface. 
Write the name of any two properties of a file. 

What is the use of a file extension? 

Name any two different types of files. 

What types of file is indicated by the file extension .exe? 

What is a transaction file? 

What is a master file? 

Name any one type of file organisation. 

State one difference between serial and sequential file organisation. 
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State one difference between a file and a folder, 

State one use of a file allocation table. 

What do you mean by warm booting? 

State one reason for using virtual memory. 

State one difference between Internal and external commands in DOS. 

Name any two Internal commands In DOS. 

Name any two external commands in DOS, 

Name any two types of switches that can be used with the DIR command in DOS. 

Name any two switches used with the ATTRIB command In DOS. 

State one difference between the COPY and MOVE operations in DOS. 

State one difference between the RMDIR and DEL operations in DOS. 

State one use of the COPY CON command in DOS. 

What do you mean by a track with respect to a hard disk? 

What do you mean by a sector with respect to a hard disk? 

What do you mean by a wildcard character in DOS? 

Write the symbols used for wildcard characters in DOS. 

Write the DOS command statement used to display the directory and file listing of the director, 

WORKS under the D, drive. : 
Write the DOS command statement used to make a directory called PERSONAL under the HON 
directory located under the C: drive, 

Write the DOS command statement used to remove a directory called LETTERS from under the 

PERSONAL directory located under the £; drive, 

Write the DOS command statement used to move the file poetry.éxt from the TEMP directory unde, 
the C: drive to the D: drive. 

Write the DOS command statement used to copy the file myCV.docx located under the 7Eyp 

directory in D; drive to the C: drive. 

Write the DOS command statement used to create a text file called poetry.xt under the D: drive 

using the COPY command. 

Write the DOS command statement used to display the contents of the text file b/ocata. ot stored 

in the D: drive. 


Write the DOS command statement used to print the contents of the file poetry.oxt in the C: drive 
using the printer connected to the parallel port with the device name LP71 

Write the DOS command statement used to rename the directory MyWorks under the D; drive to 
Personal. 

Write the DOS command statement used to delete the file with the file name extra.txt located 
under the useless folder under the £: drive. 

Write the DOS command statement used to change the attribute of the file MyCV.docr to a reat- 
only, archive file. 

Write the DOS command statement used to copy all files with the file extension .amp, irrespective 
of their name, from the D: drive to the Temp directory located under the C: drive. 

Write the DOS command statement used to display all files whose name starts with the lettes 
work and which have a three letter extension name (like .txt etc.) from the D: drive. 

What do you mean by the Desktop in windows? 

What Is the taskbar? 

What Is the Recycle Bin? 

Which key combination can delete a file in Windows without sending it to the Recycle Bin? 

State one utility of the Disk Defragment operation in Windows, 

Write the UNIX command statement used to display the directory and file listing of the directory 
progs under the usr directory. 

Write the UNIX command statement used to make a directory called works under the usr directory: 


208 


ual 
bil) 
txiil) 
xiv) 


xv) 


iments of Computer Science Operating System 


Write the UNIX command statement used to remove a directory called tempo from under the 
mywork directory under the usr directory. 

Write the UNIX command statement used to move the file eassy.fina/ from the temp directory 
under the usr directory to the fina/ directory under usr directory. 

Write the UNIX command statement used to rename a file prog01.c stored in the usr directory to 
factorial.c, 

Write the UNIX command statement used to join the contents of two files filel.poetry and 


file2,poetry to form a new file called submit.poetry. All the files are stored under the works 
directory under usr directory. 


3. Long Answer type questions: 7 each 


i) 
ii) 
ii) 
wv) 
vy) 
vi) 
vil) 


viii) 


xv) 


xvi) 


xvii) 


Explain any three functions of an operating system. State one difference between a command line 
and a graphical user interface. 6+1 


State any four important differences between an interpreter and a compiler. Write a short note on 
the kernel of an operating system. 443 
What do you mean by system software and application software? Names any three system 
software and briefly state their use. 443 


Write briefly on any three different types of file organisation. Write the name of any one type of 
data file, 641 


Briefly describe the utility of the device management module of an operating system. What do you 
mean by a transaction file and a master file? 34+2+2 


Briefly explain the terms kernel and shell with respect to an operating system. Write the names of 
any two external commands in DOS. 34341 


What is a batch processing operating system? State any four properties of a file. What is the use of 
a file extension? 34+2+2 


What do you mean by booting? State the difference between cold booting and warm booting. What 
is virtual memory? Name any one internal DOS command. 2424241 


What is a file allocation table? What is the use of virtual memory? State the difference between a 
file and a folder. What type of file is indicated by the file extension .exe? 2424241 


What do you mean by a real time OS and a time sharing OS? Explain the meaning of the term 
spooling with respect to an operating system. 24243 


Explain the meaning of the terms ‘multiprocessing’ operating system and ‘multitasking’ operating 
system. Write a short note on the concept of virtual memory. Name the UNIX command used to 
Tename a file. 44241 


Explain the meaning of the term spooling with respect to an operating system. What is virtual 
memory? What type of file is indicated by the file extension .exe? 34341 


What do you mean by a real time operating system? State the difference between Internal and 
External commands in DOS with proper examples. 344 


Name two internal commands and two external commands in DOS. Name and explain any two 
types of switches that can be used with the DIR command in DOS. What is the use of the Recycle 
Bin? State one difference between the copy and cut operations on a file. 24+2+2+1 


What is the use of the ATTRIB command in DOS? What is the difference between the COPY and 
MOVE operations in DOS? What is the utility of the COPY CON statement in DOS? Name the file 
extension associated with a file that can be run. 2424241 


What do you mean by formatting a magnetic storage disk? What are tracks and sectors with 
respect to a magnetic storage disk? What do you mean by wild card characters in an operating 
system? How can you recover a deleted file in the Windows operating system? 2424241 


Write the DOS command statement used to move the file cost.txt from the TEMP directory under 
the C: drive to the WORK directory under the directory EXPENSE in the D: drive, Discuss any two 
methods of copying a file from one folder to another in the Windows operating system. What is the 
use of the Internet Explorer? 2+2+2+1 
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wil) 


xix) 


») 


) 


mil) 


ill) 
xxiv) 


xv) 


revi) 
rowvii) 
will) 
voxix) 


20x) 


Write the DOS command statement used to copy the file movie.dat located under the 4 Ny 
directory under the D: drive in the same place, but with a different file name. Create a ta ‘ 
using the COPY command to write your name and address in the file called biodata. txt, State 9 
three utilities of the Windows Explorer. 24. Ml 
Write the DOS command statement used to move the file MyCV.doc from the sub-directory Wy 
under MyDocs in the D: drive to the directory Backup in the E: drive, but with the changey " 
name Biodata1.doc, State any two methods of creating a folder in the Windows operating sys..° | 
Write any three utilities of using the Computer (or My Computer) option in the Windows Operate | 
system. 24" | 
Write the DOS command to copy all files with the file extension .docx, irrespective of their Tan, | 
from the Question directory under the D: drive to the Temp directory located in the Pets | 
directory under the E: drive. State any two differences between a CUI and a GUI. Name any 

methods of copying a file from one folder to another in the Windows operating system. 247 43 


State and explain any two methods of creating a folder in Windows OS. How can you rename 

folder in Windows? What is the Recycle Bin in Windows? 2 42444 
How can you recover a deleted file in Windows? How can you view the memory size of the h, 
disk of your computer? What is a Jump List? Write the name of the DOS command used to ey 
the file listing in a graphical manner? 2424241 
How can you change the date and time in Windows OS? How can you search for a given file in the 
Windows operating system? What is the full form of the file extension .pdf? 44241, 
Explain the Aero Shake and Aero Snap options in Windows OS. Write a short note on the yi City 
in UNIX, 4 


What do you mean by a ‘piping’ operation in UNIX? State any two important characteristics of 
UNIX OS. State the difference between the rm and rmdir commands in UNIX. What is the use ¢ 


the cal command in UNIX? 2424244 
Explain the chmod command in UNIX. What is the utility of the piping operation in UNIX? State ong 
use of the cat command in UNIX, 44244 
Discuss the different types and levels of file permission in UNIX. Which command can be used ty 
rename a file in UNIX? GH 
Write a short note on any two standard shells used in UNIX. What do you mean by the tem 
‘superuser’ in UNIX? Name any two standard directories used in UNIX. 44241 | 


State the use of the cat command in UNIX with the help of examples. Explain the three levels ¢ 
file permission in UNIX. Explain the different types of wild card characters used in UNIX. 2+3+2 
How can you change the date and time in Windows OS? How can you search for a given file in te | 
Windows operating system? What is the full form of the file extension .pdf? 44241 
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eralConcep 


rograms are a set of codes that take some input and produce an output. Though the code generated 
P depends upon the type of (computer) language used, however the procedure should be a set of 
general rules to solve the given problem and should be independent of the language used. This general 
rule Is meant to solve a given problem stepwise, based on some procedure or logic. The language is a tool to 
implement the rules. For example to prepare a cup of tea, the general procedure is: 


1, Put some water in a container, light a stove and put the container on it 
2. Check if the water is boiling 

3. If not, wait for the water to boil and again go to step 2, else go to step 4 
4, Put off the stove and add some tea leaves and wait for 2 minutes 

5. Pour the liquor into a cup, add sugar and milk and serve 


The above result can also be achieved using a pan or a kettle, a gas burner or an oil stove, or powdered milk 
instead of dairy milk etc. In each case though the general procedure remains the same but the actual 
procedure and details of getting the result may vary. 


‘Asa second example take the problem of calculating the result of y= 3x 4/2+4(3-1) 


To get the result we have to start the calculation from the left and follow the BEDMAS rule as shown below: 
Look for the presence of any Brackets 

If brackets are present, calculate the part inside the bracket, go to step 1 

Look for any Exponentiation (power) operation 

If an exponentiation operation is present, perform the exponentiation, go to step 3 
Look for any Division operation 

If a division operation Is present, perform the division, go to step 5 

Look for any Multiplication operation 

If a multiplication operation is present, perform the multiplication, go to step 7 

. Look for any Addition operation 

10. If an addition operation is present, perform the addition, go to step 9 

11. Look for any Subtraction operation 

12. If a subtraction operation is present, perform the subtraction, go to step 11 


The value of the expression can be calculated correctly by following the above set of rules in the order 
written. If the order is changed, then the output will be different. Thus the order of the steps is important in 
such a procedure. Moreover we have completed the calculation in a finite number of steps. Once this rule 
has been fixed, we can perform the calculation either manually, or using a calculator or using a computer 


program, i.e. by using different means, However, whatever be the means, the procedure remains the same 
and independent of the means. 


POEngauswne 


722 Different Phases of Pro: 


gramming Babs 2 
To analyse a problem and then to convert it to a computer program to solve the problem, the steps that need 


to be taken are: 


+. Program _ Program 
~~ Testing’ ~ Documentation 
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© Tho Program Definition Phase: 


This Is the first step In the programming process, In this slep we work out what must be done (6 soy, ts 
he 


Program Definition 
Phaso | problem and try to extract from the problem statement the differant Inputs In the form of varlableg 


constants, along with any spectal formula or relationship that may be required In solving the probj.™! 


get the output, The form of the desired output should also be worked out, My 
As an example, consider the familiar problem of finding the roots of a quadratic equation, Hors 
‘what! Involves first Identifying the Input varlables, namoly the coeffictants of the variable tern ang 
constant term. The next requirement Is to know whether any special formula or ratationship ts Feculreg ‘ 
this case the Sridharacharya relationship should be used, Finally we have to know the types of Outputs 4 i 
may arise Le. real-equal, real-unequal or Imaginary roots. hy 


oP « The Program Design Phase 


Program Design Next comes the *how’ part. Since there can be mora than one way to solve a problem It Is not always eq 
Phase | find the best solution to a particular problem, As for the ‘how’ part of the quadratic equation problem first 
have to find the discriminant and then check whether Its value Is zero, greater than zero or less than FT bs 
Then depending upon the value of the discriminant we have to take the square root of the discriminane ~ 
find the roots using the Sridharacharya relationship, md 


Sometimes it may be helpful to assume the solution and start working backward to the starting condition I 
case the final solution Is not known even a guess at the solution can be helpful. For example to find | : 
square root of 5 we assume the square root to be a number greater than 2 (as 2*=4) and less than 3 (is 
37=9) and square that number to find how close It Is to the exact root. . 


Some important concepts to Implement the logic In the problem design phase Include the development Of an 
algorithm, flowchart, or a pseudo-code from the problem definition. In the following sections we yy 
have a detailed discussion on the above methodologies, 


eo e The Program Coding Phase: 


Program Coding | Once the algorithm, flowchart or pseudo-code for a problem has been developed, then the logic to solve the 

~ Phase | problem has been established. The next phase Is the actual coding of the program i.e. to translate the logic 

into program code In a step by step manner using a particular programming language. Depending on the 

choice of the programming language the program syntax will be different, though the main logic and 
structure remains the same. - 


Care should be taken so as to minimise syntactical and logical errors. The compiler or the interpreter 
can help you identify syntactical errors during the time of compilation or interpretation. But it is sometimes 
very difficult and time consuming to detect and debug a logical error. 


oe ¢ The Program Testing & Debugging Phase: 


Program Testing After the program has been written we have to check if the program runs correctly i.e. whether we get 

Phase | the desired outputs. For a good program, even If Invalid inputs are supplied the program should be able to 
detect them. All sets of inputs or input conditions are to be given to check if they produce proper 
outputs. If the program does not run exactly as expected then try to find out if there are any syntactical 
errors, whether you have missed out on any punctuation, used any reserved word as a variable name ete. 
Next try to find out if there are any logical errors, To tackle such problems try to follow the execution of the 
program step by step. Working out the program by hand (dry run) before attempting to execute it with a valid 
input data, can also be helpful. 


oad « The Program Documentation Phase: 


Program | Program documentation should also be considered as an Integral part of programming, Proper documentation 
Documentation | can help a person to understand the logic of a program by going through the listing. This can help both the 
Phase | person who has designed the program and any other person who wants to inspect the source code of the 

program at a later date. 


To make a program code properly understandable, comments should be inserted at strategic 
points to highlight the utility or use of the section that follows, Also Meaningful constant and variable names 
should be used so that at any point In the program one can easily trace the role of the variables. This a0 
ae i debugging the program as It becomes a lot easler to identify the variables within a maze of complex 
calculations, 
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similarly, to solve a particular problem isha a computer program we have to follow a spect set of rules and 


write the code In a particular computer language to implement the steps. To design the logic of a program 
ver tools may be used, like the development of an algorithm from the problem definition. 


An Algorithm Is a sequence of precise and unambiguous instructions designed in such a way that if ily 


they are executed in the specified sequence the desired result is obtained within a finite number of steps. 


In short the steps that need to be followed to achieve the desired result form the algorithm. It should be: 
e Effective, which means that an answer should be found when the algorithm is applied, and it 
« Finishes, that is, it has a finite number of steps and should not go on infinitely 
As an example take the problem of finding the average of ‘n’ numbers. The program can be written for a 
set of known & fixed numbers or the program can be designed for a variable number of inputs. We 
discuss below the algorithm for both the cases. 
The steps for finding the average of a fixed number of inputs are: 
: Add the numbers (n, + ng +3 +, -.. + M,) to get the sum S 
Divide the sum by the number count i.e. n to get the average Avg := S/n 
Step3: Print the average Avg 


In an algorithm, the symbol := indicates an assignment or store operation i.e. the value S/n is stored in 
the variable Avg. In contrast, the = symbol is used to compare two values, as shown later. | 


The steps for finding the average for variable number of inputs are: 
Stepi: Initialise a variable called Sum to zero i.e. Sum := 0 
Step2: Initialise a counter C to 0 to count the number: of inputs, i.e. C := 0 H 
Step3: Ask for the input Inp { | 
Step4: Add the input value to the existing value of the variable Sum i.e. Sum := sum +Inp | 
Step5: Increase the count value by 1 i.e. Cc:=C+ 1 
Step6: If more numbers are to be input, then go to} ‘Step3, else go to Step7, 
Step7: Calculate the average Avg as the Sum divided by the count C i.e. Avg := Sum/C 
Step8: Print the average Avg and terminate program 
In the first case the program design is specific and each time the numbers are changed, the program also 
needs to be changed to accommodate the new numbers. In the second case the program is a general one 
and the user is able to input any number of inputs to find the average. f 
It can be seen that the second algorithm is a little complicated than the first but it clearly states the steps that | 


need to be taken in case we want to prepare a general program to carry out the average and hence is a | 
better choice, Thus the same problem can have different algorithms and different procedures. 
\ 


Example-1; Algorithm to add two numbers: | 
Step1. Inputa | 
Step2. Input b ( 
Step3. sum:=a+b 
Step4. Print sum | 
Step5. Stop { | 
Example-2: Algorithm to derive the absolute value bran any number, 
To derive the absolute value of a number (i.e. the positive Magnitude of a value) we have to first check if the 
number is positive or negative. If the number is positive the absolute value is the same as the number itself. 
If the number is negative then the absolute value is the negative of the given number. 


Stepi. Input num { | 
Step2, Ifnum<0,then | | | 

a num i= (—1)* num | ( { | 
Step3. Print num t 1 \ | 


Definition of 
Algorithm 


BEAN 

| Sequence of 

| precise and 

| unambiguous 
instructions to 
obtain the 
solution to a | 
problem in a | 


| | finite number of 


step: 


a 


Examples of 
Algorithms 


Step4, Stop 
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Example-3: Algorithm to check if a number is even or odd: 


A number is even if is evenly divisible by 2 and hence produces a 0 remainder, else it is odd. In that Case, 
remainder of 1 is obtained. Modulo operation is used to get the remainder of dividing a number x by 
another number Y. Thus 14 (modulo) 3 is 2, as the remainder of the division is 2. ' 


Stepi: Input num 

Step2: If num (modulo) 2 <> 0, then [the symbol <> Is used to denote ‘not equal to’) 
3. Print “Odd Number” 

Step3: Else 
@. Print “Even Number* 

Step4: Stop 


Example-4: Algorithm to find the percentage of marks obtained in Physics, Maths, and Computer Science ty 
2 student, out of a total of 300 marks. 


Stepi. sum:=0 (variable sum assigned value 0) 

Step2. Input Phy (input marks of physics) 

Step3. sum := sum + Phy (Add marks of physics to sum) 

Step4. Input Math (input marks of math) 

StepS. sum :=sum + Math (Add marks of math to sum) 

Step6. Input Coms. (input marks of computer science) 
Step7. sum := sum + Coms (Add marks of computer science to sum) 


StepS. Percentage := sum*100/300 
Step9. Print Percentage 
Step10. Stop 
Example-5: The same problem can also be done for a variable number of subjects, using a counter: 


Stepi. sum:=0 = (Deobre variable for sum calculation and initialise it to 0) 
Step2. count:=0 (Dedare variable for counting number of subjects and initialise it to 0) 


Step3. Input number of subjects: num (Input the total number of subjects to use) 

Step4. Input marks of a subject: marks (Input marks for a given subject) 

Step5. sum := sum + marks (Add marks to sum total) 

Step6. count:=count+1 (Increase count value by 1) 

Step7. If count <> num then (Jf count value is not equal to num then loop) 
a. Goto Step4 

Step8. percentage := [sum/(num*100)] *100 

Step9. Print percentage 

Step10. Stop 


The above algorithm shows the use of a ‘loop’, i.e. a section of the code that gets repeated (steps 4 to Nn. 
Example-6: A shopping mall is giving discount on items purchased. If the purchased item is a shirt, then 
10% discount is given. If the item is a trouser, then discount given is 20%. If item is a cap then 5% discount 
is given. Write down the algorithm for the net purchase amount. 
Step1: Input item type: Item 
Step2: Input item price: Price 
Step3: If Item = “shirt” then 
a. Amount := Price — Price * 10 / 100 
Step4: If Item = “trouser” then 
a. Amount := Price — Price * 20 / 100 
Step5: If Item = “cap” then 
a. Amount := Price — Price * 5 / 100 
Step6: Print Amount 
Step7: Stop 


Note the use of the '=' operator to compare the value stored in item with other values. 
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Example-7: Let us now write down the algorithm to generate the series 1, 2, 3, 4, 5,6... 


The series is generated by adding 1 to the previous term in the series, starting from 1. 
Step1. count := 
Step2. Input the total number of terms to print: N 
Step3. Loop while count <= N 
a. Print count 
b. count := count + 1 
Step4. Stop 


(Declare counter and initialise it to 1) 
(Continue loop as long as count<=N) 
(Increment count value by 1) 


To generate the series we have used a different form of the loop statement. Note that the steps 3a and 
3b get repeated as long as count value is less than or equal to N. This is expressed by using the ‘Loop 
while’ statement. The steps 3a and 3b loop as long as the condition count<=N is true. The moment the 
condition becomes false, the loop ends and stops repeating the statements 3a and 3b. 


Example-8: Algorithm to generate the series 17, 22, 3, 42, 5%, 6 ... and get its sum up to N terms. 
The problem is similar to the previous one, however instead of the count value, the square of the count 
value is getting added here. 

Stepl: count :=1 

Step2: sum := 0 

Step3: Input the total number of terms to add: N 

Step4: Loop while count <= N 

a, sum := sum + count*count 


b. count := count + 1 (Increment count value by 1) 
Step5: Print sum \ 
Step6: Stop \ 


(Declare counter and initialise it to 1) 


(Continue loop as long as count<=N) 


Example-9: Let us now write down the algorithm to print the first N odd numbers i.e. 1, 3, 5, ‘face 


Stepi: count:=1- (Declare variable for counting number of terms and initialise it to 1) | 
erm :=1 (Declare variable for series term and initialise it to first term value i.e.' 1) 
input the total number of terms to print: N 


Step4: Loop while count <= N (Continue loop as long as count<=N) u 
a. Print Term 
b. Term := Term + 2 (Add 2 to current value of term to get the next term value) 
c. count := count + 1 


Step: Stop 


7-4 Flowcharisae 


When an algorithm is expressed in a pictorial manner with special symbols to indicate the different 
types of instructions, then it is called a flowchart. The actual instructions are written inside boxes of 
different shapes indicating different functions. Solid lines with arrows indicating the flow of programs are then 
used to connect the boxes. The different symbols which are used for a flowchart include: 


The Terminal denotes the START, STOP or HALT in the program logic flow. It is the first 
and the last symbol in a program. Halt can be used when there is an error condition in the 
program. 


Any input or output operation from an input/output device is shown by this symbol. 
The input can be from the keyboard, disk, tape, mouse etc. while output can be to the 
monitor, printer etc. 


This symbol is used to represent arithmetic and data movement operations. All 
arithmetic processes (add, subtract, multiply, divide etc.) and logical process of moving 
the data from one location to another are denoted by this symbol. 


When an 
algorithra is 
expressed in a 
pictorial manner 
with special 
symbols to 
indicate the 

| different types of 
instructions, then 


| fedsecalled @ 


Definition of 
Flowchart 
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This symbol is used at a point where a decision is to be made and a branch, 
necessary depending upon the decision. The criteria for the decision should be ing’ 

inside the box and the number of paths to follow should also be mentioned, i 
This symbol is used to indicate any predefined function in a flowchart. The fury 


name may be defined by a separate flowchart or an algorithm or can be any Stang. 
function. ay 


difficult to fit within a given page, it can be broken down into parts and the part, i 
joined by Connectors to maintain continuity. This symbol thus signifies an entry tie 
* 


OQ This is the symbol of a Connector. Whenever a flowchart becomes too long ang 
an exit from one part of the flowchart to another. 


> Flow-lines with arrowheads are used to indicate the flow of data or an Operatcn 
determines the exact sequence in which the program flows, 5 


The advantages in using a flowchart for planning a program are stated below: 


a. Since flowcharts are not based on a particular programming language, once a logical soluticr 
problem has been charted it can be implemented in any programming language. 
b. Being pictorial in nature, flowcharts are easy to understand. 


c. Large programs can be broken down into smaller modules and different individuals entrusted yj 
working out a particular module. A main flowchart showing the interconnectivity of the itferesy 
modules will help to put together the final program. 


d. Error or bug in a program can be easily detected from a graphical flowchart. 


nf 


In spite of these apparent advantages in using flowcharts, there are some obvious disadvantages in Us, 
flowcharts. Some of them are stated below: “I 


a. Being pictorial in nature, flowcharts are time consuming to draw. When writing small Programs ¢ 
Tay be easier to draw flowcharts but for large programs it ™may becomes very inconvenient. 


b. Incase any change needs to be incorporated, it is not easy to do the same in an existing flowchart bs 
the flowchart needs to be redrawn and this is a time consuming process. 


Example-10: Add two numbers. Example-11: Get the absolute value of any number, 


(Use of branching operation with a decision box) 
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example-12: Check if number is even or odd. Example-13: Print the series 1, 2, 3, 4, 5,6... 
(Use of loop operation, using a decision box) 


Example-14: Check if profit or loss is made. Example-15: Print the factors of a given number, 
during buying/selling items. 


7.5 Psetidocode A f ee 


To overcome the disadvantages of a flowchart the technique of pseudo code can be used. Pseudo means 
imitation and code means the instructions for the program. The pseudo or false instructions are written In 
@ common language in a structural form that resembles computer instructions. 


Since a pseudo Code is similar to a computer program in structure but written in a common ordinary language 
it is sometimes called Program Design Language (PDL). The pseudo code Is thus a step in between the 
algorithm and the actual Program code, 


| When an 
| algorithm is 
written in @ 
structural form 
that resembles 
computer 


Pseudocode 


N 
& 
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The basic logic structures that are used to write a pseudo code and that have been found to be Sufficie 
writing almost all computer programs are: ty 


1. Sequential logic 
2. Conditional logic 
3. Iterative logic 


Sequential logic: Implies the flow of program is in a linear manner without any 
branching, with instructions written down stepwise. After carrying out an instruction the 
program control passes on to the next line of code. There is no branching in between and 
the program proceeds in a sequential manner. The figure on the right shows the flowchart 
for sequential logic. 


The following program pseudocode inputs two numbers, finds out the product of the 
numbers and then prints the result. 


Input two numbers a & b 
Calculate result a*b 
Print result 

Stop 


Conditional logic: This logic structure is used to perform a set of 
instructions based on one or more conditions. Depending upon 
the condition one or more decisions can be taken and the 
program logic branches to different paths. The If-Then-Else 
structure or If-Else structure is used to depict such a situation. If 
a certain condition is satisfied then the program carries out a set 
of instructions else another set of instructions are carried out. 
The figure on the right shows the flowchart for conditional logic. 


The following example shows the pseudocode of a program that 
inputs two numbers and determines which is the larger one. (The 
line numbers are given to help in understanding the logic and may 
not be used in an actual pseudocode). 


Input two numbers: a, b 
Mfa>b then 
Print “a is greater than b” 
Else 
Ifb>a then 
Print “b is greater than a” 


START 


CONDITION 
2 


PROCESS 1 


PROCEss 2 


Else 
Print “a is equal to b” 
End if 
10 End if 
4 Stop 


Note the use of indentations to indicate a subsection of the 
code, Line3 is a subsection which is under the /f statement of Line2. 
Hence Line3 is indented to the right with respect to Line2. Similarly, 
LineS is indented to the right with respect to Line4 as it is a 
subsection of the e/se statement of Line4. In this manner, by using 
indentations, each logical block is identified. 


OCONMHPRON= 


START 


Iterative logic: When one or more instructions need to be 
executed several times based on certain conditions then we get 
iterative logic. The instruction block that needs to be repeated is put 
inside the body of the loop and the looping continues as long as a 
certain condition is satisfied. The While, Repeat-Until, and For- 
Next structures are usually used to indicate a loop in a pseudocode. 
The general structure of an iterative loop is shown by the flowchart 
on the right. 


PROCESS 2 
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tn the following example the pseudocode is used to calculate the factorial of an input number. 
Input the number: num 
Dofine: factorial <1 
Initialise loop counter: 1-7 
While i<= num, loop 
factorial - factorial * | 


Ie Ht 

End loop 

Print the value of factorial 

Stop 
The advantages of using a pseudocode are: yy 
1, Its easter to convert a pseudocode to a programming language code than from a flowchart. Advantages of 
2, It {sa lot easter to modify a pseudocode than a flowchart, in case some change in logic or additional | using 

features needs to be Incorporated, pseudocode 


3, Since pseudocode generation does not involve any graphics, it is much less time consuming to write a 
pseudocode than to draw a flowchart, 


In spite of the above advantages there are certain disadvantages which include: yy 


1. Graphic representation is much easier to interpret but pseudocode does not have any such scope. 


2. Pseudocode generation does not involve any standard rules and hence different programmers 
have their own style of writing a pseudocode resulting in a lack of uniformity. 


Disadvantages 


Example16; Let us now write down the pseudocode to reverse the digits of a number. ay 
Define variables: num, rev_num <- 0 Examples of 
Input: num pseudocode 
While num # 0 


rev_num <— rev_num*10 + num(MOD)10 
num < INT(num/10) 
End loop 
Print rev_num 
Stop 


Example17: Write the pseudocode to find the real and imaginary roots of a quadratic equation. 


In dealing with this problem as we have discussed earlier, we have to take as input the coefficients of the 
different terms of the quadratic equation of the form ax’+bx+c=0. Then we have to check whether the 
discriminant D=b’-4ac is equal to zero, positive or negative, Based on the sign of D, the roots will be real or 
imaginary. We have to check if a=0, in that case the equation will not be a quadratic one and will have to ask 
for a fresh Input. The pseudocode for the above problem is: 
Input the coefficients: a, b, ¢ while az0 
de b?-4%a%e 
Md=0 
root? <--bi(2"a), root2 — -b//2%a) 
Print root1, root2 
id>o 
roott < —bi(2"a)-(Va)(2"a), root2  -bi(2*a)+(Vay(2"a) 
Print root1, root2 
Md<0 
de-d 
roott ¢ -b/(2*a}+ | (Va)/(2"a), root2 <- -b/(2*a) - | (Va)/(2"a) 
Print imaginary roots; root?, root2 
Stop 
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Examplei8: Write down the pseudocode to read 10 real numbers and find their average. 


Define an array to hold 10 real numbers: Arr(10) 
Define variables: i<— 1, sum 0, average 
While i <= 10 
Input Arr(i) 
je ht 
End loop 
ict 
While i<=10 
sum«< sum + Arr(i) 
ie ht 
End loop 
average — sum/10 
Print average 
Stop 


Example19: Write the pseudocode to reverse the order of the numbers in an array of numbers. 


Define variables: i<—1, temp, n 
Define an array to hold n real numbers: Arr(n) 
Input the number of elements in the array: n 
While i <=n 
Input Arr(i) 
ic i#1 
End loop 
ie 
While i <= n/2 
temp < Art(i) 
Arr(i) <— Arr(n-i +1) 
Arr(n-i+1) < temp 
ie 41 
End loop 
ict 
While i<=n 
Print Arr(i) 
ie i#t 
End loop 
Stop 


Example20: Write the pseudocode to check whether a string is a palindrome or not. 


Define variables: i< 1, temp, len-0 
Define two string variables: String1, String2 
Input string to check: String? 
String2 = String? 
Repeat 
If String1(i) <> End of String 
lene len#1:ie #7 
Until End of String 
fe 
While i <= len 
String2(len -/+ 1) < String1 (i) 
ie 
End loop 
If String2 = String? then 
Print “The string is a palindrome” 
Else 
Print “The string Is not a palindrome” 
Stop 
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abe 0 

r pee 

The Program Definition Phase is used to work out what must be done to solve the problem and is used 
‘ to extract from the problem statement the different inputs, outputs, rules etc. that must be 
Incorporated in the program. 
e Program Design Phase deals with the how’ part of the programming. Since there can be more than one way to 
- solve a problem it may not be always easy to find the best solution to a particular problem. 
The Program Coding Phase is the actual coding of the program i.e. it is the Process of translating the 
program logic into program code in a step by step manner using a particular programming language. 
The Program Testing & Debugging Phase is used to check if the program runs correctly i.e. whether we get the 
desired outputs. For a good program, even if invalid inputs are supplied the program should be able to detect them. 

, The Program Documentation Phase is required to make a Program code properly understandable, 
Comments should be inserted at strategic points to highlight the utility or use of a particular section. 
An Algorithm Is a sequence of precise and unambiguous instructions designed in such a way that if the instructions 
are executed In the specified sequence the desired result is obtained within a finite number of steps. 

, Sometimes by Increasing the amount of space used for storing the data, the time required for 
processing the data may get reduced. On the other hand reducing the space for storing the data can 
Jead to an increase in the time required to process the data. This is known as Space-Time Trade-off. 

+ When an algorithm is expressed in a pictorial manner with special symbols to indicate the different types of 
instructions, then it is called @ flowchart. The actual instructions are written inside boxes of different shapes 
indicating different functions. Solid lines with arrows indicating the flow of programs are then used to connect the 
boxes. 

« Pseudo means imitation and code means the instructions for the program. The pseudo or false 


instructions are written in a common language in a structural form that resembles computer 
instructions 


Qi. Multiple Choice Questions, Select any one from the four options. leach 
i) Analgorithm: 
a. May or may not produce the exact solution to a problem 
b. Should get the result within a finite time limit 
c. May take any amount of time to process the data 
d. May not follow a definite sequence of steps 


ii) | When an algorithm is expressed in a pictorial manner with special symbols to indicate the different 
types of instructions, then it is called a: 


a. logic chart b. design chart c. flowchart d. algo chart 
iii) | What type of an operation is denoted by the Terminal symbol in a flowchart? 
a. START b. STOP c, HALT d. All of these 
iv) What type of an operation is denoted by the Parallelogram symbol in a flowchart? 
a. calculation b. input or output c. decision d. process 
v) What type of an operation is denoted by the Rectangle symbol in a flowchart? 
a. input or output —_b. terminal c, process d, decision 
vi) What type of an operation is denoted by the Rhombus symbol in a flowchart? 
a. terminal b. decision c. input or output d. process 
Q2. Short Answer type questions: leach 


i) Whatis an algorithm? 
ii) Write the algorithm to increment a variable num by 1. 
iii) What is a flowchart? 
iv) _ Draw the flow chart to decrease the value of a variable num by 1. 
¥) _ State one advantage of using a flowchart. 
vi) _ State one disadvantage of using a flowchart 
vil) What is the use of the Parallelogram symbol in a flowchart? 
Will) What is the use of the Rectangle symbol in a flowchart? 
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ix) What is the use of the Rhombus symbol in a flowchart? 
x) What do you mean by a pseudocode? 
xi) State one difference between a pseudocode and an algorithm. 
xii) State one advantage of using pseudocode. 
xili) State one disadvantage of using pseudocode. 
xiv) _ Write the pseudocode to increment a variable y by 1? 
xv) Name any one of the basic logic structures that is used to write a pseudo code, 
Q3. Long Answer type questions: Tea 
i) Write the algorithm to input the length and breadth of a rectangle and calculate and display 
area and perimeter. Explain any two phases of program development. 342. i 
ii) Write the algorithm to input the number of terms for the following series and pri 
series up to that number: 3 Print the terms of : 
1,5, 25, 125) se " 
State any two advantages of using a flowchart. r 
: Pi 
iii) | Write the algorithm to input three numbers and print the larger of the three numbers. sh 
Explain the terms ‘sequential logic’ and ‘iterative logic’. 2 
iv) Draw the flowchart to input two numbers x and y and print the result x’ without usi 
or exponent operator [hint: use iterative logic]. Yang any Pe 
Explain the terms ‘conditional logic’ and ‘pseudocode’. 2 
v) What is a flowchart? Draw the flowchart to find the sum of the numbers which are divisible by 7: 
a set of N numbers input by the user. 25 
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e Introduction 


e Structure and Components of a c Program 8-1 
« Types of Data 8-1 
e Constants and Variables 8-6 
e Declaring Constants 8-3 | 
« Declaring Variables 8-9 
» Writing, Compiling, and Running a Program in C Hea 


8.1 Introductic - — 
Cis a programming language that was dev 
designed and written by Dennis Ritchie 
languages like PL/I, Algol, Pascal, & APL, Sin 
reliable, simple and easy to use, In the e: 
Janguage that could do all types of jobs 
series of programming languages that led to 
finally Ritchie developed C by combining the 


eloped at AT&T's Bell Laboratories in USA in 1972. It was 
(picture on right) and it slowly replaced other contemporary 
ce then C has become a popular programming language as it is 
‘arly days of high level languages, the need for a common | 
was felt and ALGOL60 was developed to meet the purpose. The 
the development of C after ALGOL60 include — CPL, BCPL, B and 
features of B & BCPL along with his own ideas. 

There are two types of programming languages: 


4. Problem Oriented Languages or High Level Languages like Fortran, Basic, Pascal etc. 
4 


2. Machine Oriented Languages or Low Level Languages like Assembly Language, Machine Language 


c is a language that stands in-between these two types and is often called a Middle Level Language as it 
vas designed to have the positive points of both the types of languages. One of the unique features of the C 
programming language is the way it handles the use of available memory. Unlike other programming 
guages, C gives the user the freedom to place the variables in particular memory locations. Taking 
antage of this feature the programmer can write faster executable code and remove run-time errors very 
ily. However the source code of C needs to be compiled using a C compiler before it can be used. 


ny functions that we will be using are already written and compiled and are available in the function 
‘aries supplied with the compiler. These are known as library functions. Thus instead of writing all | 
ividual instructions, one just tells the compiler to use one of its standard library functions wherever 
uired. Only when one wants to perform a task that is not in the function library, one has to write his own 
ction. Such a function is known as a user defined function. 


example though C does not have any inbuilt command to display characters on the screen it can use a 
ction called printf() to do the same job. Hence, one does not have to always write the code each time 
wants to display something on the screen but will have to only call the function printf() from the 
ction library to do the job. Whereas suppose if someone wants to find the maximum between two 
ibers using a function he has to write his custom function and save it for future use. Whenever 
jired, he will simply have to call the function created by him and it will perform the required function. 


diagram in the next page shows the general format of a C program with three modules/functions viz. 


n(), Function_1() and Function_2(). The right hand diagram shows the relationship between the | 


ent functions and the flow of logic. As can be seen, the program starts from the first line of the main() 
ion. The main() function in turn calls Function_1() and Function_2(). Function_2() in turn again 
Function_1(). At the end of execution, each function can return a value to the calling function. Finally 
rogram stops at the end of the main() function. We will get a better understanding of the structure 


we write actual programs. 
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| (1941 - 2011) 


“C++ and Java, say, | 
are presumably 

growing faster than 
plain C, but I bet C 
will still be around.” 


Dennis Ritchie 


a - = 


The C language was 
developed to write 
the code for the 
UNIX operating 
system. 


| 


The modern 


programming 
| language Python 
was written using C. 


ie 


‘4 
C has its own set 
of reserved words 
or with 
specific meanings | 
that are used to 
construct a C 
prosram. 


e 


& 


i 
+ 


 antifier dT 
rawes thot ore 
used to identify 
different parts of 
2 programs like 
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Function_1( ) Function_1() 
{ i UE sucgiviisecoene dh 


= 
_1( ); 


Function_2¢ ); ———> Function_2() 


{ oases ] 
Function_1( ); ——=— Function_1( ) 
} 


f nace 
Function_1(); jae 
; Function_1/( ); } 1 { 
ee" H via j ii] ~ so . | 
main( ) } les Function_1() i ; i) 
| ” a ~ 


{ oi 
Function_1( ); { i 
Function_2( % 


E main() 


Function_2( ) 


Function_a( ); 


} 


The Program Code 


The execution of the Program 


e Components of aC Program 
Like the letters in the English language that are used to form words and sentences, the character set of C that 


are used to write a C program also consists of alphabets, digits and special symbols. These include: 
« The Alphabets: A, B, C, ........., Z, A, Dy Cy cree Z 


¢ The Digits: 0, 1, 2, ... 
Special Symbols: + - */% #!={}[](),;:7&%1<>. 


. 
In general a C program consists of the following building blocks or tokens as discussed below: 
a. Key Words: Like the words in a particular language that are used to write the sentences, C has its own 
set of reserved words or keywords that are used to construct a C program. The original C language 
supports 32 basic keywords. These keywords cannot be used for any other purpose. 
auto break case char const continue default do double else enum 
extern float — far for goto if int long near register return 
short signed static ~— struct’ ~— switch_~—sunsigned union typedef void while 
Identifiers: Identifiers are names that are used to identify the different parts of a proon 
These names can be given to things like variables, constants, functions, arrays, structures etc. that 
parts in due course): 


used as the building blocks of a program (don't worry, you will get to know all these : 
The name of an identifier can be anything but should follow certain naming rules as stated below: 


+ It cannot be any keyword or reserved word in C e 
It can contain all the upper and lowercase alphabets (‘a’ to ‘z’ and ‘A’ to ‘2) and th 
underscore (_) character 
« It can contain all the digits from 0 to 9, but cannot start with a digit 
« It cannot contain a blank space 
Note that identifier names are case sensitive i.e. NAME and name are different ide! 
now give some examples of valid and invalid identifier names. 


b. 


ntifiers in C. We 
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| a Valid Identifier Names ELE 7 Invalid Identifier Names | ay 
Loe =. Jame Reason 
+t CONST_1 007 All digits y 
a RateOfInterest 29TH_YEAR Starts with a digit ; 
average | ~Account_No_1 DATE-OF-BIRTH Contains hyphen 
pen | DATE_OF_BIRTH area of circlo Contains space 
factorial “ACCOUNT NUMBER” Contains double quotes 
pamiers. ___I double Keyword 


c. biterals: Apart from the instructions a program may also contain some fixed values which are used as ay 
part of the data processing. These values can be both numeric (like the value of pi as 3.14159) and 
alphanumeric (like an input prompt as “Enter your name:") in nature. Such values that do not change 
in a program and remains same independent of the number of times are Program Is run are called 
literals. These are sometimes called constant values also depending upon their use. 


d. Operators: Certain special symbols or combination of symbols are used in a C program to do specific ay 
operations like adding two numbers, comparing two values, incrementing a number etc. These symbols 
are called operators and normally require one or more operands or values to work upon. These include: f 


&+- * / % = > < >= <= ss I= ++ ~ += -= *= /= %= -> BK |. etc. | 
e. Punctuators: Certain symbols are used in a C program as punctuations, similar to the punctuations we ay 
use in an English sentence. These include:() {} [] ; : , ete. 


f. Instructions: Using the above components meaningful instructions can be constructed in C, which when 
tun properly can solve a particular problem. There are four basic types of instructions in C. These are: 
«Type declaration instructions: These are used to declare the type of variables in a C program. 

Example: int x, y=0; ~ 


+ Input/Output instructions: These are used to enter a data for calculation and to get the output *s ] 
result i.e. for doing input and output operations. | The different 
Example: scanf("$d”, &x); printf(*\nThe entered value = td”, x); building blocks of | 

* Arithmetic instructions: These are used for doing calculations involving variables and constants. 4 program ore | 
Example: y = y + a*b + 2.5; also called wt | 

Se 


* Control instructions: These are used for controlling the flow of a program i.e. to control the 
execution of various statements in a C program. 
Example: £(x$2—=0) printf£("\nEven Number”); else print£("\nOdd Number”) ; 


g. Functions: A function is a group of statements that perform some meaningful work and normally my 
retums a result back to the point from where it was used. You can supply data to a function for processing | _ - 
and get the result back from it. You can have both user defined and library functions. The process of | Funevon 
defining a function is called ‘function definition’ and the process of using it is called a ‘function call’. 


Now let us come to the structure of an actual C program. In writing a C program as per convention, the 
following rules should be followed: 


«Lowercase alphabets should be used for keywords. Function names and variable’s names should 
preferably be in lowercase, whereas capital letters are used to indicate constants. 


« Blank spaces should be put between two words, instructions or wherever required to improve readability. 


°C is often called a free form language as there are no specific rules to position a statement. However 
proper indentations in writing a program are encouraged to improve readability and help in debugging. 


So the basic structure of a C program looks like this: | 
inclusion_of_header files = Prerprocessor directives are written at the beginning ey 
main() = Indicates this to be the first function to start when the program runs F 

7 The main function starts here with a delimiter’ { * C Prog 
statement_1; = Each Statement is terminated by a semicolon’ ; ' | 


otatement_2; 
— > These are the instructions to be performed 


Statement _n; 
> The main function ends here with a delimiter’ ) ' | 
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The function of the pre-processor directives will be discussed later. Presently let us write a sim 


C to input a number, find its square and print the result. le Program, i 
ee Example1: To find the square of a number input by the user. 
1 /*Program-01: To find Area of a Circle*/ => Comment line 
| 2 #include <stdio.h> => Pre-processor directive to include the Stdio.h fy 
3 int main() => The main function header le 
4 => Delimiter for beginning of body of main¢ ) function 
5 float radius, area; = Declaration of variable with variable type as fle 
6 print£(“Enter radius of circle: “)7 = Input asked for radius of circle at 
* 7 scanf(“s£", Gradius) : => Reads the input and stores it in the variable Fadius 
Pe Commerti ce 8 area = 3.1416*radius*radius; = The area is calculated and stored In the variable area 
Sa ae 9 printé(*\nArea = 8£", area); => The calculated area is printed on the screen 
format 10 return 0; = Value 0 is returned to the Operating System at the al 
written (but not | 11} 
run) for a better 


| Let us analyse the program line by line to get a preliminary idea about an actual C program, tt q 
understanding of matter if you cannot understand every bit of the code now. The line numbers at the beginning el 
bai ada statement are used to help analyse the program. actual C code should not have any line by ‘ach 


Line-1 


te Comment: For a better understanding of the program logic, sometimes it may be helpful to add 
comments in a program. The program name, programmer name, the purpose of the program, version aid 
any other relevant information may be included in a program. Such information which is not a part of the 
program coding can be put inside the program by writing them between the symbols /* and */, Whenever 

the compiler encounters the symbol combination /* and */ it ignores whatever is written within these, 


Line-2 


te The #include directive: As discussed earlier, the standard library provides several pre-written library 
functions, data type definitions, constant definitions, and macros that can be used in your program. However 
to use these utilities certain specific information needs to be included within the main portion of the 

program (you will learn more about these in later chapters). These infor 


‘mation are generally stored in 
specific files which are supplied with the compiler and can be accessed using the #include command. The 


files that need to be included are called header files and usually have a “.h” extension. Header files need 
to be included at the top or head portion of a program before the main() function. 


Op 


The header file that we will use in almost all C programs is the stdio-h file (the initials stdio stand for 
= “standard input output’). This header file contains all the information that the compiler needs for functions 
= | dealing with input and output operations and working with the disk, monitor and printer. The command to 

——— include this header file will look like: #include<stdio.h> 
carried out before This command is called a pre-processor directive that tells the compiler to use the information in the 
the actual header file called staio.h and insert the contents of the file into the program before the beginning of fe 
te precestan processing/compllation (i.e. conversion of the source code to machine code) process. 

P 4 Surrounding the name of the header file with the symbols <...> (also called angled brackets) Lae 
a compiler that the file may be located in the default “include folder”. This is the folder where the comp! 
installation program places all the header files. 

"WT is a header The ; . ding the 
File that is used re is another way of writing the above pre-processor directive: #include “stdio.h”. SUTOUNE 
hiriitandlard | file name stdio.h by double quotes tells the compiler to look for the file first in the current Caren 
put and output | he directory where the user has been working currently. If the file is not available in the current di 
Kanttionk: then the compiler will search for the file in the default directory. 


jon. A 
The main(Q) function head ction 
& : The most important function or module in C is the mai () func 


2 the 
function definition has two parts — the header and the body. The header gives information about 


* Fy i 
function return data type (int in this case), the function name (main in this case) and the function a 
list (represented by the pair of brackets () after the name). You will know about these in detall W 
discuss about user defined functions in general In a later chapter. 
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that every executable C 
Remember Program should contain the mai f 
execution of a C program starts from main () and terminates at the malt) RASA eae because the 
semicolons after a function header like main(), . at there are no 


Line-4 & Line-11 


jters: After the function header line comes the body of i 
executed as per the function Specification. The code inside te body ofthe Rtas the ee that is 
of opening "{” and closing “)” braces, The opening and closing braces are called delimiters and the std es 
beginning and end of a block of code. Whatever work is to be done by the main() function i ey ins the 
within the two braces (or curly brackets). nction is to be written 


Line-5 


le declaration: In this line, the variables or memory spaces re 
program are declared. Variables serve as containers for storing dil 


ent Terminator: Each instruction in a C Program must end with a semicolon “;” which is also 


Line-6 & Line-9 


nstruction: These statements are used to display something on the screen. These use the library 
function printé() to do the job, In line-6 the printf () function is used to display the fixed string or literal 
“Enter radius of circle: "on the screen, Whereas the second print£() statement in line-9 is used 
to display the area of a circle with the input radius. More of this will be discussed in later chapters. 


Line-7 


Input Instruction: This statement is used to input something from the keyboard. It uses the library function 
scanf() to do the job. The value entered by the user from the keyboard is stored into the variable radius. 
More of this will be discussed in later sections, 


Line-8 


i rt in: The area of the circle is calculated in this statement. The result is then assigned to 
the variable area, where it is stored for future use. In this case the result is displayed in line-9 using the 
Print£() statement. Remember that all calculations should be placed on the right hand side of the equal 
sign i.e. the result of a calculation is assigned from the right of the equal symbol to the left variable. 


Line-10 


: When a computer finishes performing the instructions, the program stops and the 
Computer returns to the state it was in before the program had started. In general the return of control to the 
system takes place automatically, but for some compilers the return statement needs to be inserted just 
before the Closing braces of the main() function. The ‘0’ (zero) after the return keyword indicates to the 
Operating system that the program has terminated successfully. There are other functions of the return 
statement that will be discussed in later sections. Note that the number ‘0’ returned by main is an integer (or 
whole number) and is related to the keyword int written at the beginning of the function header in line 3. 


In the above examples the combination \n has occurred with the print£() statement of line-9. It is known 
@5 an escape sequence and it is used to start a new line. Whatever Is written after this is displayed on the 
Screen from a new line. Escape sequences will be discussed in detail at a later stage. 
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types in C include 
int, float, double, 
and char 


least -32768 to 
+32767 


a 


An (2 tape 

dota represents a 
real or deciraal | 
ruveber ond is at 
least 4 bytes in 
size with o range | 
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-BAxIO* to | 
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If you cannot understand every detail of the above program there is nothing to Wo 
if not all) concepts a little + for you 
In 


have just begun and it is natural that you may find some (ii r dif 
aust sections there are ample opportunities to clarify your doubts and improve understanding the 


Tr Se near r fanaa 
seat 


8.3 Types of Data is 
iven to a computer is generally known as data. The computer processes this data 

information as output. But before supplying data to a computer it must be told what type of data ed Gives 
with so that it can set aside sufficient memory space to store each data item without unnige dealing 
wasting any memory. (Note that in earlier days of computing memory was really costly an d he ily 
aims of a good program was to minimise the requirement of memory). Ie of the 
We specify a data item by the type of data it holds. In examples 1 and 2 we have used the terms 

float to specify that the data that will be input from the keyboard will be of int type and float ty intg 
now state the different types of data that are supported by C. There are 4 primary types of data Aa We 
int, float, double, and char. Each one is described below. * TESS ate 


Information ai 


nted as int 


Integer type data (2 bytes tong), repr 
Purpose: An integer number is a number with no decimal point i.e. a 
whole number. It can be a positive number or a negative number or 
zero. It is used generally for counting purposes or for calculations 
involving only whole numbers. 
Byte Requirement: As per the original standard, each piece of integer data 
requires 2 bytes of memory space i.e. 16 bits. Hence the total number of 
values possible is equal to 2!°=65536. It is represented by keyword int. 


Range: A 2 byte integer variable can store values from —32768 to 32767 
including 0. For signed numbers, you can think of the numbers as placed 
on a number wheel as shown in the diagram above. The wheel is divided into 
65536 sectors corresponding to the 2!° possible values of an integer. 


To accommodate both positive and negative numbers evenly, the wheel is divided into two sections 
with each section containing 65536/2 = 32768 values. The right hand section contains values from 0 to 
32767 (total 32768 values, including 0) and the left hand section contains values from -1 to -32768 (total 
32768 values). Thus if we traverse the wheel clockwise, the position after 32767 is not 32768 but is 32768, 
Similarly (-32768 — 1) is not equal to -32769 but 32767. 


Simple floating-point numbers are 2.54, 6.023, 13.6 etc. However floating-point numbers can be extremely 
2.9E+19 is read 


large or small and hence are expressed as exponential numbers. For example the number 

as 2.9 with an exponent of +19 and indicates that move the decimal point to the right by 19 places ey 
adding adequate numbers of zeroes to get the actual number. In algebraic notation the number 
represented as 2.9x10'%, Thus the above number is actually equal to: 29,000,000,000,000,000,000. simi 
a fractional number can be expressed as 5.235E-8, where the negative exponent states that one should 
shi the Oecial pone 7 ies left by 8 places to get the actual number. Thus the actual number is ented 

x and its alge! 8 i i 

EME ne if alae yale equivalent is 5.235x10°, Accordingly the Avogadro number is reP 


Byte Requirement: A floating-point number is 4 bytes long and is represented by the keyword float: 


Range: The range of a float is from —3.4E-38 t 7 5 ° make an 
3 i FE: (0 +3.4E+38. As floating-point variables 
SE pao where Is ane the precision of floating point numbers. tie canoe though the paee 
i $ well within the range of a £loat but it may be ¢ ASL 
stored as 5.213423. _ 
single precision number, which means that the precision of a float is limited up to 7 decimal places 
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«Double type data (8 bytes long), represented as double: 


Lot ng both an integer part and 
a fractional part. This is called a double Precision floating point number epicentre used 
loating point number a double type variable can be 


Byte Requirement: A double type variable is 8 bytes long and is represented by the keyword double. 
Range: The range of a double is from —1.7E-308 to +1.7E+308, 


« Character type data (1 byte long), represented as char: 


Purpose: This type of data represents a single letter, numeral or other keyboard characters. Character 
data can be used where the input required is in the form of a single character (like selecting a choice 
number or alphabet from a set of multiple choices). 


Byte Requirement: For each piece of character type data the computer reserves just one byte of space, 
Each char type data has an equivalent integer representation varying from 0 to 255. | 

Range: Characters thus include the 26 uppercase and 26 lowercase alphabets, the 10 numeric digits and 
other punctuations and symbols that can be entered from the keyboard. Note that a char type data can 
also store integer type data, We give below the different characters available as char type data: 


Uppercase alphabets A, B, C, D, E,. XYZ = | 
Lowercase alphabets | ab, G Vprornnn XY —_ i 
Digits 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 - a 

Special symbols PI@#E$H*a*() te- [OV 5 <>,.2/ = 


‘String type Data: A string is usually a group of characters such as word, Phrase or sentence. C does not 
have a string data type but treats strings as character arrays. More about strings will be discussed later. 


e Using data modifiers: 


You can modify the range of these primary data types using a set of keywords called data modifiers. 
They define the different amounts of storage that are possible for a variable of a given data type. The amount 
of storage allocated is however not absolute, ANSI has the following rules in this regard: 


short int <= int <= long int 
float <= double <= long double 


Let us now discuss about the different modifiers used in C to declare a variable named num, 


Meaning 
| Of the same size as char, but guaranteed to be signed 


_| Of the same size as char, but guaranteed to be unsigned 


All these declarations are used to indicate a short signed integer type 
data. It is capable of containing values which are in the range -32768 


|___ Data Type 
| signed char num; 


unsigned char num; 
Short num; 
short int num; 


signed short num; 
signed short int num; 
= é 


unsigned short num; 

| @nsigned short int num; 
— — sti 
int num; 

Signed int num; 
Unsigned num; 

Unsigned int num; 


‘Signed long num; 
| Signed long int num; 


“Unsigned long num; 


to +32767 (i.e. both negative and positive numbers) 

The same as short, but unsigned i.e. will store only positive values in 
the range 0 to +65535 — 
Basic signed integer and is capable of containing values which are at 
least in the range —32768 to +32767 

The same as normal integer type data, but unsigned i.e, capable of 
containing values which are at least in the range 0 to +65,535 


Signed integer value and is capable of containing values which are at 
least in the range ~2,147,483,648 to +2,147,483,647 


The same as long type data, but unsigned |e. capable of containing 


Bnsigned long int num; 


= 


a 
An IENIE type 
data represents a 
real or decimal 
number and is at 
least & bytes in 
size with a range 
of at least 
-1L.7 x10 to 
+1.7 x Loot 


An (DEY type 
data represents a 
character and is 


1 byte in size. 


f Po wal 
| to change 


are used 
the 


range of a given 
data type. 


| values which are at least in the range 0 to +4,294,967,295 
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Meaning : 

Real floating-point type data with an extended precision of 19 decimay ~ | 

places. It is at least 10 bytes in size and the range of a long double i 

from —3.4E-4932 to +1.1E+4932 _ — | 

| Character type data are inherently of type int (as these basically store ary 
the ASCII value of a character). Accordingly a signed char has range of 

-128 to +127 and an unsigned char has a range from 0 to 255 | 


Data Type 
long double 


signed char num; 
unsigned char num; 


eo 


; i i i ie. RAM. The RAM is 

data in a program is stored in the computer memory i.e. T not a sm 
baa tel, Beaton or byte in the RAM has a specific address. Data can be stored in or accessed from 
given location in the RAM by using this specific address. 


it \ddress where it is stored. 
However, it is not convenient to access data by using the memory a : tis red. A bette 
alternative is to use a name to identify the specific memory address location. Just as it is easier to ident; 
a place like Howrah Station by its name, rather than by its specific postal address, it is easier to identify a 
memory location by an assigned name than by its actual memory address. 


ee Variable: A variable is a temporary storage location for data that can change in a program, These 
can be used to store data input by the user or store the result of a calculation in the program. Variables let 
you assign a meaningful name to a memory address for stored data in your program. Note that there 
can be more than one variable in a program. The operating system keeps track of the identifier name of 


~ a variable associated with a given memory address. When you try to access a variable using its name, the 
IOV arinbiell WT operating system gets the address from the corresponding name and gets the data from the actual address, 
west gabe ks One can think of variables as containers that can be used to hold some =~>—W+———_ 
Storage location values used in the program, As you can use the same container for storing 
for data that can vanous items, similarly a given variable can be used to store different values. 
change in a However, only one value can be stored at a time in a given variable. : 
raya. When you store a new value the old value gets overwritten and is lost. i kwatn ' Gees wat 
— 1 liqui 


For program-01, every time you run the program you can enter a different value 
for the radius and accordingly get a different value for the area. The values in 
tadius and area change every time i.e. vary and hence are called variables, 


er Constant: Sometimes a value in a program may never change. It remains 
the same no matter how many times you run it. Such a value can be stored as Meow ' Bee 
@ constant. Once a value is stored as a constant, it cannot be changed when 


a you run the program. You need to change the code to change the constant value. Constants are also called 
literals’. For example the value of z i.e. 3.14159 (approx.) is a constant. Constants are defined when 
Sonstan ae) certain fixed data are being used several times in the program. 
torage location 
haba phe: | For example if the value of x is used several times in a program then it is better to define a constant called 
ae nl PI and store the value in the constant, In this way one will not have to every-time write 3.1415 wherever 
peck yg | the value of x is needed but will simply have to put PI. This saves time and chances of errors. Moreover 


P 1 __ ff later someone wants to increase the accuracy to 3.141592 then he/she will have to make the change only 
at one point where the constant was defined, This saves time and possible chances of any mistake. 


The basic types of constants and the rules for Constructing the different constants are given below: 


ee Type Rules _ 2 a= Eis | 


Jt must have at least one digit and must not h: f ie 
It could be either positive or negative nacre tome 
Integer No comma or blank should be 


The allowable range of an Integer constant is from 


~32768 to +32767 including 0 for a 2 byte int | 
ave a 0 (zero) before the number 


3 
3 
= 
3 
= 
§ 
3 
° 
s 
oe 
2 
e 
= 
3 
FI 
a 
FI 
= 
a 
= 


Octal Integer 


i 
& 
S 
= 
e 
2 
3 
Ss 
= 
= 
z 


. 


z 
7 
a: 
3 
gs 
ae 
8 
oi 


5, 6, 7, 8, 9, A, B,C, D, E, and F 
within a hexadecimal integer constant 
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ie « Itmust have at least one it and must have a decimal point 

|» It could be either positive or negative (no sign indicates a positive number) | 
|e Ne Seat Pink stil be present within an integer constant | 
, * Itcan be written in either a fractional fo ‘ponenti: 
pec point. When expressed in exponential form, iainiaetilemsinemiaa 
Numi | The mantissa part and the exponential part should be separated by the letter e or E 
© The mantissa part may have a Positive or negative sign 
© The exponent must have at least one +ve or —ve integer (default is positive) 
___» Range of real constants can be from -3.4e-38 to 3.4e38 

4 (+ Itcan be either a single alphabet, single digit, or a single special symbol 

Character * Each constant should be enclosed within single quotes like ‘A’ 
° The maximum length of a character constant is one character 

eae + Itcan be any combination of characters - | 
Strings | « Each constant should be enclosed within double quotes like "This is a String” _ | 

Given below is a chart of valid and invalid constants of the different data types, constructed by taking 

into consideration the rules that have been discussed above. 

f integer Octal Integer Hex Integer Ez Float Character i 

Valid | Invalid |_Valid Invalid | Valid | Invalid Valid | Invalid | Valid | Invalid | 
|32757 32,757 076 29 OX2A5 5,201.32 +56.23 [5 ‘A Hi 

5 | 32.057 02 -0.2e+2  OXS. 0.0 0.0 5,201.32 |‘z’ A 
0 0.0 o | 0.0 | Oxo 010 2.0 i} ‘s’ |23 
-10 6E9 /019 ox | OF -3.2e-5 2 2e5 | 
-258 265 | _(-0.9E+6 | -0.2E+2 jar ‘char | 


Constants and variables can again be classified as Primary and Secondary based on their type. 


Primary Constants/ Variables: In case a data is of a basic data type i.e. int, float, double or char ly 
then it is called a primary constant or variable. s 


Secondary Constants/Variables: Apart from the basic data types, data can also be of type array, pointer, 
structure, union or enum. Such a data type is called a secondary constant or variable. 


al a 


Now let us find out how to declare a constant or a variable i.e. how to let C know which data is a constant 
and which one is a variable. 


Declaring a constant (also called symbolic constant) means telling the C compiler the constant’s name 
and value and an indication that the value will not change. The rules for naming a constant are same 
as that of naming identifiers. All constants must be declared before they can appear in an executable 
statement. 


A constant can be declared in two different ways. The first one uses the pre-processor directive 
#define to define a constant and the second one uses the const keyword. There is a difference between 
these two ways as discussed later. 


Using the #define directive to use a constant: 


The #define directive creates symbolic constants i.e. constants represented as symbols and macros (to be | { 
discussed later). While using a symbolic constant the constant name should appear at the places where the | 

value (numerical or string) indicated by the constant is required. During compilation, before the compiler | a 
Starts to create the object code, it simply replaces each occurrence of the constant name with its } 
value. A symbolic constant has to be defined before the main() function. The syntax of declaring a symbolic | A H*dofing 


Constant is: directive creates a 
; the numeric value, character or string that the constant represents | symbolic constant 
+ | in C, that is also 
define WAME value | called a macro. 


ainbale name to represent the constant, typically written in uppercase 
Note that a symbolic constant definition does not end with a semicolon, as this is not a true C statement. 
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Part 4: Chapter 8 


Let us write a modified version of program-4 using the #define directive to declare the Constant py 


1 /*Program-0la: Using constant in a program*/ 
2 #include <stdio.h> 
3 #define PI 3.1416 => Declaration of constant called PI using #define 
4 ant main() 

5 (float radius, area; 

6 printf£(“Enter radius of circle:"); 

7 scanf("sf”, &radius) ; 

8 area = PI*radius*radius; => Using the constant PI in the calculation 

9 print£("\nArea = $£", area); 

IQ return 0; 


ii) 
In line-3 the statement #define PI 3.1416 creates a symbolic constant PI and associates it with th 
herever the compiler sees PI in the source code, it Substitutes 


value 3.1416. During compiling the program wi 
the value 3.1416 there. Therefore after pre-processing of the source code, line-8 will look like: 


8 area = 3,1416*radius*radius; 


Also note that C does not have any operator to do exponentiation i.e. radius? (in BASIC the Operator 4 
s*2). Thus radius is multiplied twice to get the result of radius”, Powering 


is used to get the power as radiu: 
can also be done using a loop or a library function, as will be discussed in a later chapter. 


Examples of the use of #define for defining various constants are given below: 
= defining a float type constant 
=> defining a int type constant 
= defining a float type constant 
= defining a char type constant 
=> defining a string type constant 
=> defining a string type constant 


#idefine PI 3.1516 

#define RATE 12 

#idefine NUMBER 0.5 

fidefine OPTION1 ‘A’ 

define REPLY1 “Yes” 

#define ASK “Press ¥ to Continue” 
The data type need not be stated explicitly when defining a constant. ‘C’ automatically assigns a data type 
based on the value given in the #define directive. Thus: 
= will be assigned an int data type because 12 is an integer 
= will be assigned a float data type as 3.1516 Is a float 
= will be assigned a char data type as ‘A’ is a character type data 


#define RATE 12 
define PI 3.1516 
#define REPLY1 ‘A’ 


use a constant: 


Using the const keyword te 
The const keyword can be used in a program in the declaration of any data that you do not want to get 
changed. Therefore any const type data must have an initial value assigned to it as it is not easy to assign 
any value to a const variable later in a program. 


const long double PI = 3.141592653589793238L; 


Here the letter L appended at the end of the value indicates the value to be a long double. In the 
absence of the letter L, the value would have been taken simply as a double with up to 15 digits of 
precision. This is because the default data type of a real number is double and without an identifier at 
the end of the value, all real numbers are treated as a double with 15 places of precision. 


Let us now again modify program-1 using the const keyword to declare the constant 7. 


1 /*Program-01b: Using const keyword in a program*/ 

2 include <stdio.h> 

Z int main() 

4° {const long double pi = 3,141592653589793238L; => Declaration of constant called pi, using const 
5 float radius, area; 


6 print£ ("Enter radius of circle:”); 
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anf ("$£”, &radius) ; 


7 ‘ 

8 a = pitradius*radius; = Using the constant 

3 hate(*\narea = 42°). aren) ) It pi in the calculation 
10| return (0): 

u 


In line-4 of the program shown above, a constant type tong d ® 
KayWerdeonst. This means that the value stored ap 9 double data called pi has been defined using the . 


in the memory locati i 
changed normally. The value is used in line-8 to calculate the ee cation identified by the name pi cannot be | | When a program 


diff betw th is run, no space is 
The main difference between the two ways of declaring a constant is that ii reserved in the 
i in Program-O1a, durin: 

the pre-processing stage, wherever the name Pr is encountered it is replaced by the valios Aai6 and then data area of the 
the source code is compiled to form an executable file. When the program is run, no space is reserved in the | memory for 
data area of the memory for storing the value 3.1416, . storing any value 
Whereas in Program-01b when the program is run, space is reserved in the memory f x, | ees 

‘or the constant pi. irecti 
The value 3.1415926535897932381 is stored in the sf Pi. | #define directive. 


' -2 Memory location reserved for pi. Whenever the value 
is required, it is fetched from the respective memory location and used in the program. 


Just like constants, variables also need to be declared so that C 
store the variable. By declaring a variable and giving it a name, C reserves memory space (e.g.: 2-bytes for 
int, 4-bytes for float etc.) to store the contents of the variable. The variable should be defined before the 
program accesses it. Thereafter the data item can be accessed simply by referring to the variable name. 


A declaration of a variable consists of a data type followed by one or more variable names separated 
by commas and the statement ending with a semicolon. Variable names are also formed following the 
tules for naming identifiers as discussed earlier. | 


can assign a portion of the memory to 


variable names separated by a ",” & ending with a semicolon 
followed by one 


[Eyre name1, name2, name3; or more variable 
+ names separated 
variable data type by commas and 

The following examples show how different variables can be declared. ending with a ; 


int count, days; = 2 integer type variables called count and days 
float area, rate; = 2 floating point type variables called area and rate 
char initial; => 1 character type variable called initial 


* Assigning initial values to variables: 


Aliteral is any piece of data that one directly types in into a program. It can be any number, character 
or string that one may use as an initial value in the program. Though a constant literal remains the same 
throughout the program but a literal assigned to a variable may change in course of a program. The following | 
examples show different literals in a program. 


fidefine PI 3.1415 = Here 3.1415 is a constant floating point literal 

const int factor=32; => Here 32 |s a constant integer literal 2 

int sum=1; => Here 1 is an integer variable literal M al sang 
float rate=12.5; => Here 12.5 |s a floating point variable literal piece of data that 
Print£ ("Welcome to ¢”); => Here “Welcome to C" Is a string literal one directly types 


in into a program 


Variables may have an initial value |.c. one may want a variable to have a certain value at the start of a 
Program, though this value can change as the program runs. For example to find the sum of the terms of a 
Series the variable sum needs to be initialised to 0 (zero). This initial value can be assigned either as a 
declaration when the variable type is declared or as a separate instruction. Thus: 


Ant count=5, sum=0; = Here the varlables count and sum are Initialised during declaration 
int count, sum; 

count = 5; } =» Here the variables count and sum are declared first and initialised later 
sum = 0; 


Note: a chax type literal should be put between two single quotes ‘'as, char x = ‘Y¥‘, | 
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8.7 Writing, Compiling, and Runningia prog 


Let us now see how we can actually write and run a C program. You can use various Integrated Dey, f 

| Environments (IDEs) like Turbo-C, Code blocks, Dev C/C++ etc. for writing, compiling, and =OPMent 
| program. All these are freely available and can be downloaded from their respective websites using a9 a 
We will be using Dev C/C++ for our book which can be downloaded free from the sourceforge Search, 
http:!/sourceforge.net/projects/orwelldevcpp/files/latest’download 9 Website 


Install Dev C++ Caleulater — {| | =e 

if Fig. 1 
using the setup file. An — [Fie.2) 
icon for Dev-C++ will bal- ad ei ee _ Piast ce Debug “Teak F) 
appear in the Start 2 . | F 
Meni as shown in the | Open Project orFile..  CtrlrO © Project. 
figure-1. TY Micsosott Office PowerPoint 2007» » Resource File 


Cts 
Cine F12 


Click on the icon (or } All Programs | 
double click on the aaguneene 

shortcut icon on the 
Desktop) to open the 3 
Dev C++ IDE. fil] Dev-C++ 49.9.1 


7 . | File Edit Search View Project Execute Debug Tools C\ 
Click on File menu = 


and from the eq 10 agials- (BEG)a) aa 


|S 
(By save ant 


P| | shu 


S| somsy i 
dropdown list select | Peet |Cseses| Debug] test | ! 


New- Source File as | /*Program-01: To find Ar Cixele*/ 
shown in figure-2. | include <stdio.h> 
Type the code exactly | snbimate) 
| t 
as shown in figure-3 in | float radius, area; 
the code area (you | print£ ("Enter radius of circle: "); 
may not understand scanf("%f", &radius); 
every bit of the code, | area = 3.1416*radius*radius; 
but don't lose heart, print£("\nArea = %£", area); 
everything will be clear f£flush (stdin); 
to you by the time you | getchar () 
complete the next | return: 07 
chapter). ant! = 
7 =a 
{Fal Seve Fite ee ie og 
: | seven: [| CPogems @  7| “Br 
CuO Be | | | Name < Date modified 
Ty | {adh class 06-09-2014 PMO: 
| ch class68 06-09-2014 PM 
Cetera f 4 [eh classE9 (08-09-2014 PM 02: 
| | {cb control 18-08-2014 PM 08: 
C4] | lech io 48-03-2014 PM 02: 
Chto Fa | lech io2 18-08-2014 PM 03: 
| [co Linkedlistt 31-08-2014 AML 
) | lech polymorpht 174 
} | lex) polymorph2 13-08-2014 AMI0 
ed polymorph 18-08-2014 PMOL 
4 Once you have finished writing || leh proyects APN 
ore V bik the onde you must save the | ‘ lash rect 
st ond program. Click on File menu | 4 
, and from the dropdown list | _ 2» 
. we Gave as shown in He name lease @ = 
— A figure-4 Seveastpe | =| Ss 


[++ source flea cpp" ee," exe," cre" 6) 


The Save As dialogue box will j, Next 
et of Shou in figure 5, From the Save in combo box select the folder where the file Is to be pa the file 


yi the fle carne under Whe File name box, Remember to put the extension as -C like test3. 
narne, Cire on Save button to save the file, 
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re you run a er i ett MS, & 
Bee Wie kor Sun Pans (ere ny en ES |e [ia 
reeds to be GOBaHA # Care preettan 
compiled. cians] eos] CTRL Comet [vied concie 
as un Coen 7 
on the Parameters vn | Dome. 
ute menu [2 Compute & Run a fe 
from the tof 
Bersown list % = 
Sect Compile Clean 
gs shown in | Profile anahsis : 
re-6, YOU 
an also press 


Gtri+F9 to compile a program. 


The Compile Progress dialogue box will open as shown in figure-7. The compilation process will check the 
correctness of the code with respect to the syntax and include the contents of the header files, add the 

jon libraries used in the program and convert the source code to a binary object code. If the file is 
successfully compiled the status will be shown as ‘Done’. Click on the Close button to close the dialogue box. 


To Run the pro-am, ES : 
dick on the Execute = froc Debug Toot: 


menu and from the | & 33 Compile cue 
dropdown list select Run teat 
‘as shown in figure-8. 


Parameters 
Ablack window will open FB compute pi} 
as shown in figure-9. It 188 Rebuild alt Cuter 
will display the lines that Sree Sherk 

you had written for Gen kk 
outpit purpose and take Profile anahysis i 
inputs wherever = 

required. —— — 


In the above program the code will first ask to enter the radius of the circle. A cursor will blink prompting the 
user to enter the radius as 5.3. The program next calculates the area and displays the result as 88.247551. 


In c= there is some error in the 
Program, the compilation process Fie 
‘wil indicate the error. | oe 


rr me tea 
Figure-10 shows such a situation. ire lon oe) ! =e 


The semicolon is missing from 
line 6. The error is detected in nice 
lme7 and the line is highlighted. é 

At the bottom of the window a || 
Message is displayed indicating | 
there is an error in the program in 
@ particular line number (line-7). 


You need to rectify the error and 
Save and re-Compile the code 
before you can run it again. 


OeeGaia|+- SEH 8 a8 


float radius, area: 


Ew scant("si", radius)s 


| 
IL 


BA Cerro |QQy Rercasces | dll) Comite tua | 7 Detna | (GL testtionas |) (re 
Mote that the line in which the | Ue te 

Stor \s indicated may not be the Dt Ceecauas 
Sire \ine where the actual error 

present That can be 

Yomeimes misleading also. The 

ease {or this is that the line where the error is shown /s actually the line where the effect of the actual error 
detected. Hence try to find the error either in the line marked or at a nearby line before the marked line. 


Common reasons for error include missing semicolons, improper use of parenthesis, misspelt keyworts, 
Waniables of library function names, and putting a calculation on the left side of the equal symbol. 
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|. Cis a language that stands in-between a high level and a low level language and is often calleg 
|| Middle Level Language as it was designed to have the positive points of both the types of languages a 
i which are a series of instructic 
«Every C program consists of one or more modules called functions, y a Ons to 
| computer to perform a specific task. Of these functions, the most important is the main( ) function the | 
Like the words in a particular language that are used to write the sentences, C has its own Set of 
reserved words or keywords that are used to construct a C program 


Js The original C language supported 32 basic keywords 


| «Identifiers are names that are used to identify the different parts of a program. These names can 
given to things like variables, constants, functions, arrays, structures etc. that are used as the building 


blocks of a program 
* An identifier name can consist of the alphabets (A to Z, a to z), digits (0 to 9), and the underscore symbol (_) only, 
It cannot start with a digit and cannot be a keyword also. No other characters are allowed including a blank space 
A function is a group of statements that perform some meaningful work and normally returns a result 
back to the point from where it was used 
= C is often called a free form language as there are no specific rules to position a statement. However Proper 
indentations in writing a program are encouraged as these make the program structure easy to read and debug 


Lowercase alphabets are used to denote any keyword, function names and variables, whereas capital 

letters are used to indicate constants 

* For a better understanding of the program logic, sometimes it may be helpful to add comments in a program, | 
Accordingly the program name, programmer name, the purpose of the program, the program version and any other 
relevant information may be included in a program 

* The header file that we will use in almost all C programs is the stdio.h file (the initials stdio stand for 
“standard input output”). This header file contains all the information that the compiler needs for 

functions dealing with input and output operations and working with the disk, monitor and printer 

An opening brace “ { ” must appear before the first instruction after the function name and a closing brace " } ” 

must follow the last instruction of the function. The opening and closing braces are called delimiters and they mark 

the beginning and end of a block of code 

Each instruction in a C program must end with a semicolon ";” which is also known as a statement 

terminator. The semicolon tells the compiler that it has reached the end of the instruction and what 

comes next will be another instruction or the end of the program 

An integer number is a number with no decimal point i.e. a whole number. It can be a positive or negative number 

or zero. It is used generally for counting purposes or for calculations involving only integer values 

To represent real numbers i.e. numbers having both an integer part and a fractional part, a computer 

typically stores the real number as a combination of three parameters viz. the sign, mantissa, and an 

exponent part 

A double data type is also used to represent real numbers i.e. numbers having both an integer part and a fractional 

part. It is also called @ double precision floating point number. This is used for variables that require greater 

precision 

A character type data represents a single letter, numeral or other keyboard characters. Character type 

data can be used where the input required is in the form of a single character, like selection from a set 

of multiple choices 

* In case a data Is of a basic data type i.e. int, float, double or char it is called a primary data type 


* Apart from the basic data types, data can also be of type array, pointer, structure, union or enum. 
Such a data type is called a secondary constant or variable 
* You can modify the range of the primary data types using a set of keywords called data modifiers. They define the 
different amounts of storage that are possible for a variable of a given data type 
* Each type of data can be broadly divided into a constant or a variable depending upon the way it is 
being used. As the name suggests the value of a constant remains the same or constant throughout 
the program. Whereas the value stored in a variable can change or vary in the course of a program 
* The itdefine directive creates symbolic constants i.e. constants represented as symbols and macros. A symbolic 
constant has to be defined before the main( ) function 
+ A literal is any piece of data that one directly types in into a C program. It can be any number, 
character or string that one may use as an initial value in the program 
* Variables riay have an initial value i.e, one may want a variable to have a certain value at the start of a program, 
though this value can change as the program runs a 
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” fe leach 
}) The most important function in a C program is called: 
a. imp b. entry c. start d. main 
ji) To write a program, C has its own set of reserved words also called: 
a. identifiers b. literals c. main words d. key words 
lil) Names used to identify the different parts of a C Program are in general called: 
a, identifiers b. specifiers c. functions d. literals 
iv) Aidentifier in C cannot contain which of the following characters? 
a. alphabet b. digit c. blank space d. underscore 
v)  Apiece of information that does not run but used for a better understanding of a program: 
a, literal b. function c. comment d. keyword 
vi) The files that need to be included in a C Program to use various library functions, are called: 
a. header files b. important files c. basic files d. library files 
vii) The initials stdio for the header file stdio.h stand for: 
a. shell input output —b. storage input output c. standard input output d. studio input output 
viii) Each instruction in a C program must end with a: 
a. full stop b. comma c. semicolon d. colon 
ix) Which of the following is not a primary data type in C? 
a. float b. double c. char d. enum 
x) _ Which of the following data types is not used to represent real numbers? 
a. long double b. float c. double d. char 
xi) Which of the following represents a whole number type data in C? 
a. long b. float c. double d. long double 
xii) | What is the precision of a float type data in C? 
a. 7 decimal places b. 10 decimal places _—_c. 15 decimal places d. 19 decimal places 
xiii) | What is the precision of a double type data in C? 
a. 7 decimal places b. 10 decimal places = c. 15 decimal places _—_d. 19 decimal places 
xiv) | What is the precision of a long double type data in C? 
a. 10 decimal places b. 15 decimal places —c. 19 decimal places _—_d. 22 decimal places 
xv) What is the minimum value that can be stored in a 2 byte signed integer type data in C? 
a.0 b. -32767 c. -255 d. -32768 
xvi) Assigned char type data has a range of __: 
a. 0 to 255 b. -128 to +127 c. 0 to 128 d. 0 to 256 
xvii) An unsigned integer which is 2 bytes long can store values in the range ___: 
a. 0 to +32767 b. 0 to +65535 c. 0 to +255 d. 0 to +65536 
xviii) A temporary storage location for data that can change in a program is called a 
a. constant b. literal c. variable d. macro 
ix) Which of the following is not a valid octal type data in C? 
a. 00 b. 1234 c. 028 d. 067 
4) — Which of the following is not a valid hexadecimal type data in C? 
a DRAB b. Oxx c. OxA d, OXB 
Xi) #define is an example of a directive: 
a. variable b. declaration cc. functional d. pre processor 
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Q2. Short Answer type questions: $ = 
i) Name any one header file used in C. ch 
ji) Whatisa keyword? 

iii) | What do you mean by an identifier in iG? 

iv) What do you mean by a constant in C? 

vy) What do you mean by a variable in C? 

vi) State any one method of defining a constant type data in C. 

vii) Name any two primary data types in C. 
viii) State the range of a 2 byte integer type data. 

ix) What is the purpose of a data modifier in C? 

x) Name any two data modifiers in & 

xi) What is the range of a signed char type data? 

xii) What is the difference between a floating point type data and a double type data? 
xiii) What is the use of the ‘const’ keyword in C? 
xiv) State the precision of a long double type data in C. 

xv) What do you mean by a literal in C? 

7 each 


Q3. Long Answer type questions: 


i) 


What is the difference between the statements #include <file.h> and #include “file.h” ; 
Dec any two building blocks or tokens in a C program. Give an example of a hexadecina 
fo t “ jable? Expl ne 
at is a variable? Explain the two different ways of defining a constant value i i 
range of an unsigned char type data in C? ae Auer ste 
State the rules of naming an identifier in C. Discuss on an int and a float type data in, 3+2+2 
What do you mean by declaring and initialising a variable in C? Give 
: ? Proper examples. Explain with 
proper examples the purpose of using data modifiers i i 
hexadecimal constant in C. 9 eile ncr aalece cities pohad 
What do you mean by a literal in C? What is the i i 
1 ? purpose of including the stdio.h file in aC 
bog! Write the C code to define two constants called factor that refers to the value 2. 54 and 
another one called wish that refers to the value “Good Morning”. 2424241 
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» Introduction 
Formatted text output: the printf( ) function 

Formatted text input: the scanf() function 

. More on the use of Format Specifiers and Escape Sequences 

« Unformatted text output: the putchar( ) and puts( ) functions 
Unformatted text input: the getchar( ) and gets( ) functions 

« Some Basic Operators and Simple Calculations 

« Operators and Data Types 

Some worked out examples 


9.4 Introdu 


his chapter deals with the different functions that are used in C to carry out basic input and output 
operations. As has been discussed earlier, unlike some other programming languages, C does not have 


inbuilt keywords (like INPUT, PRINT etc.) that can be used to output data onto the screen, printer, or hard- 
disk and input data from the keyboard, or hard-disk. 


Input and output can be from the standard input/output devices like the keyboard and monitor or can be 
from files. Input/output from files is dealt with in class 12. This chapter deals with the standard input and 
output functions that you have already used in the previous chapter, 


Input and output can be both formatted and unformatted. Formatting means, the input/output data is 
displayed on the screen depending upon the data type. For example integer data and floating point data are 
formatted differently. A floating point data can even be displayed with the number of digits after the decimal 
point as desired by the user. On the other hand unformatted data like a string can be displayed without 
applying any extra formatting. All these things are discussed in detail in the following sections. 


19.2 Formatted textoutput:ithe tf.) furniction 


‘An output operation sends a copy of the data stored in the computer's memory to another location like a 
monitor, printer, disk etc, without erasing the data from the computer's memory or changing the way the 
data is stored, The most important of these output functions in C is the versatile print£(), which can 
display all types of data and can work with multiple arguments. In addition, print£() can format the 
way the data appears. 


The data that needs to be displayed on the screen forms the argument of the print£ () function and is to be 
placed within the pair of braces () after the printé function name. In order to format and display all types 
of data, the print#() function argument is divided into two parts. 


* The first part is called the control string or format string 

e The second part is called the data list 
The control string indicates how and where the data is to be displayed. It includes within double quotes 
any text that is to be displayed along with special characters called format specifiers. The format specifiers 


function as placeholders and leave space normally for displaying any value from a constant or a variable. 
Each format specifier starts with a % sign followed by a letter indicating the data type, as shown below: 


Specifier Data Type Range Bytes | Example 

Sd [ Signed integer _ "32768 10 432767] 

%ld Long signed integer -2147483648 to +2147483647 4 | -2547896 

%i__ Unsigned integer (only positive) 01065535 2 |55525 

%iu___[ Unsigned long integer (only positive) _| 0 to 4294967295 “| 4__ [958478625 

%F Float -3.4238 to +3.4e38 4 [12051000 

%f | Double “1,7e308 to +1.76308 8 |5.368e 

%f [Long double ‘|-1.7e4932 to +1.724932 “10 |-1.5e400 d 
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Specifier _Data Type Range 
F %e __| Scientific notation “3.4e38 to +3.4¢38 
%9g | Shortest decimal /scientific notation -3.4e38 to +3.4e38 
%c Character 7 0 to 255 ll 
| %s _| String NA. - 


The second part of the argument i.e. the data list can contain one or more data items that are 
using the control string. The data list is separated from 


the control string by a comma. When the 


displayey 


. 3 Pros 
tun, the placeholders in the control string are replaced by the data items in the date ist Te 


general format of a print£ () function is: 


| printe(*control string with placeholders”, datal, data2, .. ); 


The following example shows how the printf () function works by displaying the value stored jn the 
variable age in the position indicated by the placeholder %d in the control string. 


int age=17; [| l 
print£("I am $d years old”, (age))7 


| When run, the output of the above statement will be: 


I am 17 years old 


Some characteristics of the print £() function are given below: 


e There should be a single control string in a given print£ () function call 

e Aprint£() function may only have a control string, without any data list 

* There can be none, or multiple data items in the data list part of printf () 

¢ In case there are multiple data items in the data list, a format specifier must be included in the control 


string for each data item in the list 


+ The values in the data list must appear in the same order as their specifiers in the control string. 
Thus the first item in the list is substituted for the first format specifier, the second item for the second 


format specifier and so on 


The examples given below illustrate the various uses of the printf() function. 


Program Line 


Output Displayed 


printf(“The value of PI is tf", 3.1416); 


The value of PI is 3.1416 


int a = 3; 
| print£ (“The square of td is td”, a, a*a); 


The square of 3 is 9 


| int x=7; 

float y=5.5, p; 
P= x*y; 

print£ (“Product of 4d and %f is %£”, x, y, p); 


Product of 7 and 5.500000 is 38500000 


char cl='J' ce = "B’ ; 
print£("My initials are tc & %c”, cl, c2); 


My initials are J & B 


ASCII of tc is %d”, num, num); 


The ASCII of A is 65 


print£(°%%d is used to format an int”) 


‘d is used to format an int = 


In all the above examples, care has been taken si i i cifies 
7 uch that the ord h the format SPe 
appear, match with the data and data types in the data list. ui vi the exons 


1 
! | 1 | 
printf (“Product of td and %£ is %£” 


x has to be an integer type variable and 


tions!" 
y and p have to be flo: ii match the declara! 
the a at variables to mate! the 
he control string, so that the first a will display the value in x, aes se Hi dislay the value in ¥ and 


econd +£ will display the product value inp. 
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ior ase bythe Program. This data input to | The 
. Ire tl i relic 
variable can change each time a new input is given to ease hs Fe datas) | Sunetton 


if) 


keystroke and then interprets the data input based on the format specifiers used. One scan£() function can 

take different types of data all at the same time. 

To understand how scang() works let us first understand how a variable 

is stored in the computer. For example consider the variable declaration, 
int age = 25; 


Memory Space Memory | 
le Address | 


When such a variable is declared then some Memory space is reserved for 
storing the value when the program is run. If we consider the basic unit of 
memory to be a byte, then for storing the above variable ie, age, 
minimum 2 bytes of memory are reserved. To identify the location where 
this memory space is reserved, each byte is assigned a memory address as 
shown in the diagram on the right. In our example, the memory locations 
1000 and 1001 (2 bytes) are reserved for storing the variable and the 
variable name age is associated with these memory locations. 
Hence whenever we refer to the variable name age, we indirectly refer to 
the above memory locations. 


The address of the variable age is taken as 1000 (though two bytes are 
reserved but only the first byte is taken as the address of a variable 


always). If the variable age is initialised with the value 25, as shown above, then the memory locations 1000 
and 1001 will hold the value 25 as seen from the diagram. 


The value can also be entered by the user from the keyboard using the scan () function during running the 
program, as shown in the following example: 


— pa go 


Format he cota as an integer“ scan ad) , (éage))? Store the value in the address location ay 
— “ associated with the variable age 


The data that needs to be input forms the argument of the scan () function. In order to input data, just like 
the printf() function the scan£() function argument is divided into two parts. 


Components of 
scanf{ ) 


* The first part is the control string or format string 
* The second part is the data list 


The control string indicates how the input data is to be formatted. Similar to the printf () function, the - 
Control string contains the format specifiers, which are known as conversion characters as they | The 
determine how the data is to be interpreted during input. In the above example, the %d format specifier o 

used 


is to 


within the control string indicates that the data input Is to be interpreted as a signed integer. with the 


The second part of the argument i.e, the data list contains the address references of one or more data 


majority of data 
items that are input by the user. The data list is separated from the control string by a comma. The general types in C. 


| 
| 
| 
| 
format of a scang () function is: 
scanf (“control string with placeholders”, datal, data2, . ); | 

; | 


a 


For the majority of data types (except arrays and pointers, to be discussed later) the address reference of a | Control string 
variable is denoted by placing the address operator ‘«’ before the variable name. The address ‘operator 
fefers to the memory address at which the contents of the variable are stored. Therefore 6age refers to the 
memory address at which the content of the variable age Is to be stored (1000 in this example). Remember 
that the data list in scanf() contains the addresses of the variables (and NOT just the variable 
Names) at which the input data Is to be stored, 


of scant) 
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When using multiple inputs through a single scanf () function one important thing should be ke 
In the scanf() function the number and type of conversion characters in the control stri Pt in Ming, 
exactly match or correspond to the number and type of variable names in the data’ Shoutg 
ist. Tp, 
le 


following example will make the statement clear: 


int age; 
float weight, height; 
scanf( “td %f %£” , Sage, Sweight, Sheight ); 


te | The following program displays the use of the scan£() function with multiple inputs. 


/*Program-02: Use of scanf() function*/ 
#include <stdio.h> 

aint main() 

{int ID, class, age; 
char sec; 

float weight; 
print£("Enter your ID, 
printf (*\nSeparate each piece of data wi 
scanf(“Sdtdtesd8£", SID, &class, &sec, Sage, &weight) ; 
*\nYour ID=%d, Class=td and Section=te”, ID, class, sec) ; 


Class, Section, Age, and Weight in order:”); 
th a blank...”)7 


printf ( 
print£("\nYour Age=td years and weight-*f Kg”, age, weight); 
return 0; 
t 
Output: Memory Space Memory 
Variable Address 


Class, Section, Age, and Weight in order: None 


Enter your ID, 
data with a blank... 


Separate each piece of 


910 11 E 17 55.85 
Your ID=910, Class=11 and Section-E 
Your Age=17 years and weight=55.85 Kg 


+ Note the following regarding this program and the use of seanf(). 
ra « Firstly, in the control string the conversion characters should be 
written without any blank or any character in-between them to avoid { class 


the chance for any compilation error. Thus “td%d%ctdt£” is 
desirable than “3d %d %e %d %£” (however extra characters can 


be put inside the control string as will be shown later). 

Secondly, we are formatting the variables ID and class as integers. 
The first %d corresponds to ID, the second %d corresponds to 
class. Next the section variable sec is input through the %c 
conversion character. Finally age and weight are input as int and 
float respectively. 


& * Thirdly, the address operator ‘a’ is used along with the variable 
aii nasttipl names for all the inputs i.e, 1D (int), class (int), sec (char), 
ier are ‘done age (int), weight (float). We will see in the chapter dealing 
targ 0 single with strings, how to input a string using the %s specifier (the ‘se’ 
werk furction, operator is not used with a string variable). 
re Oe na + When more than one input is there in the scan£() function, ter(s): 
8099 As during input each piece of data should be separated by a blank(s) or a tab(s) or by 2 ter and 
Cruted by A scanf() ignores any such white-space character or characters such as blank, tab oF can 

arp considers a5 valid Inputs only non-whlite-space characters. Thus each piece af shee the dat 
(pee te separated by more than one blank, tab or enter, with no effect on the input as long @ 

/ types match with the conversion character types. 
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. allotted 2 bytes of memory, floating Point variable 4 bytes of mi 
ol 
location 2008 etc. 


i ‘ifying the order in whi: . 
careful in specify which the convers' . | 
written. If the order does not match, then Proper data will Eyl aad a paren names are 


g 
8 
5 
a 
a 
Sg 
3 
Fi 
a 
z 
B 
8 
& 
g 
ie 
3 


« Using other characters in the contro| string of seani( ). ay 


scanf() function but extra characters can be used in th ing i Using other 
following C program. © control string in the way as shown in the chante 
| i Ss 


The following program displays the use of the scangé () function with additional control string characters. 


/*program-03: Use of extra characters within scanf() control string*/ 
#include <stdio.h> 


| 


NR 


int main() 

{float rate, amount; 

int qty; 

printf("Enter Rate of Item per Kg in Rs.: “); 
scanf("Rs.%f£”, Grate) ; 

printf("Enter quantity of Item in Kg: ”); 
scanf (“$dkg”, &qty) ; 

10 amount = rate*qty; 

J{ printf£("\nThe total amount = Rs. $f”, amount) ; 
12 return 0; 

13) 


Output: 
Enter Rate of Item per Kg in Rs.: 
Rs. 56.50 = Value Is entered as Rs.56.50 and not as 56.50 only 
Enter quantity of Item in kg: 
10Kq = Value is entered as 10Kg and not as 10 
The total amount = Rs. 565.000000 


eC EN AK EY 


In the above example the literal string “Rs.” in the control string for scané () in line-7 indicates that during 
input the user should type the rate along with the currency sign i.e. Rs.56.50 for example. Similarly in line- 
9 the literal string “Kg” in the control string indicates that the input data value should be followed by the 
characters “Kg”. This means that the scanf() function while interpreting the input stream will expect the 
“Rs.” string before the £1oat input in line-7 and the “Kg” string after the integer input in line-9. Accordingly 
it will ignore these and convert whatever value is input after the string literal in line-7 as per the s£ 
conversion character and whatever value is before the string literal in line-9 as per the %d conversion 
character as valid input. 

While using such string literals care should be taken so that the user types in exactly what has been put | 
as the string literal, otherwise unpredictable input will take place. Thus in the above example though the 
user makes the input as ‘Rs.56.50/ but the value contained in the variable rate will be only '56.50'. 


* A peek into the working of the scanf( ) function and use of fflush(stdin): ly 


Let us now examine how the scan£() function reads the data during input. Data Is read by the scanf() Working of 
function from what is called the input stream, which means a series of characters being input from some | scanf() 

source, In the case of scanf () it is the raw data that is input from the keyboard. After typing the input when 
the Enter key is pressed, the data that you have typed Is sent to the scanf() function as a series of 
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meaningless characters in the order in which it was typed. The scanf() function then reads the data and 
uses the format specifiers or conversion characters to convert the raw data to the desired data types 


which agree with the conversion characters. 
During conversion it ignores all white-space characters and looks for the first non-white-space character Which 
it to the respective variable. The assignment stops at the first Non- 


matches with the specifier, and assigns i 


matching character, 
1: The scan£() function uses an area of the memory called the input buffer to store the 


characters being typed into the input stream, before converting the data using the conversion characters, As 
an example when an Integer is input from the keyboard, the user types the integer and presses the Enter key, 
‘Enter’ is then passed to the input buffer. The Scanf() 


The integer along with the white-space character it buff 
function then interprets and converts the data input as per the conversion character within its control string, 


In case of the integer data, it will take the characters up to the next white-space character and leave the 
‘Enter’ in the input buffer. In case the next data to be input Is a character or string type 


white-space character 0 be in j 
ce character still remaining in the input buffer as a leftover 


data, then scan£() will first read the white-spac 
from the previous input. Unlike a numeric data, this white-space character however isa valid input for a 
character or string type data. Thus instead of using the current data as an input, it will take the leftover 

last input as a valid input. This causes an error in the input and the program 


white-space character from the 
will not wait for the current input from the user as it takes the leftover white-space from the input buffer, 
To avoid this problem the ££1ush () function is used which flushes out or clears any data that may remain 
in the buffer, The argument of the ££lush() function is the buffer name that we want to clear. In this 
case the argument should be the buffer related to the standard input device i.e. the keyboard and which 
is designated by ‘stdin’ (standard input device). For example to input a char type data x, the code will be: 


££lush (stdin) ; 
scant ("%e", &x) ; 
~ Always use the £flush (stdin) statement before entering a character type or string type 
data using the scanf(), getchar() or gets() functions to avoid any malfunction 


initheluse lofi For and | Escapelsequences mls a 
This section deals with the various aspects of using the format specifiers in a program. The following program 
shows the use of the print£() and scan£() functions along with the different format specifiers and 


conversion characters as discussed in page P1-9-1. 


/*Program-04 to display the use of different format specifiers*/ 


#include<stdio.h> 


int main() 
{int numl; float num2; char ch; 


print£("\nEnter an integer (Number1<=32767) : 
scan£("#d", Gnuml) ; 

print£("\nEnter a floating point number (Number2): ") ; 
acanf("%£", Gnum2) ; 

printf ("\nEnter a character; "); 

JO €£1ush (stdin) ; 


11 scan€("%e", Gch); 
printf ("\nNumberl printed with a %4d specifier: #4", num1) ; 


1 
2 
3 
4 
5 
6 
7 
8 
9 


i? 
1? printf ("\nNumberl printed with a %hu Specifier; tu", num) ; 

/4 peint£("\n\nNumber? printed with a 48£ specifier: %£", num2); 

J5  print£("\nMumber2 printed with a #%e specifier; $e", num2); 

I6 printé ("\nNumber2 printed with a 4%g specifier: 4g", num2) ; 

17 printf ('\n\nCharacter entered printed with a to specifier; tc", ch); 

1a return 0; 

gS 
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output Set-* 
Pater an integer (Number1<=32767) ; 23456 
gater a floating point number (Number2): 6452.76 
gnter a character: S 

yunberl printed with a td 


fu 


specifier: 
specifier: 


23456 
yunberl printed with 23456 
se 
te 
4g 


Character entered printed 


yumber2? printed with specifier: 
specifier 


specifier; 


6452.759766 
6.452760e+003 
6452.76 


Nonber2 printed with 


yunber2 printed with a 


with a tc specifier: s 
output Set-2 
Enter an integer (Number1<=32767): 2345 


Enter a floating point number (Number2): 0.009876 
Enter a character: Jashojit 


Numberl printed with 
Nunberl printed with 


a td 


su 


specifier: -2345 


a specifier: 63191 


Number2 printed with 
Number? printed with 
Number? printed with 


att 
te 


ag 


specifier: 
specifier: 
specifier: 


0.009876 
9.876000e-003 
0.009876 


s 
igbaracter entered printed with a %c specifier: J 


Output Set-3 
‘Enter an integer (Numberl<=32767): 45678 
Enter a floating point number (Number2): 0.0 
Enter a character: 5 
Munberl printed with 
Numberl printed with 


a td specifier: -19858 


a %u specifier: 45678 


Number? printed with 
Number? printed with 
Number2 printed with 


a %£ specifier: 0.000000 
fe specifier: 0.000000e+000 
4g specifier: 0 


Character entered printed with a %c specifier: 5 
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= Integer number within range 

= Floating point number within range 

= Character data input (single character) 
= Integer displayed Correctly using %d 
= Integer displayed correctly using %u 
= Displayed as a floating point number 


= Floating point in scientific notation 
= Expressed in shortest decimal notation 


Use of format 
specifiers 


= Displayed as a character 


= Integer number within range 
= Floating point number within range 
=> Multiple-character input 


= Integer displayed correctly using %d 

= Being signed, displayed incorrectly 
using the %u (unsigned) specifier 

=> Displayed as a floating point number 

= Floating point in scientific notation 

=> Expressed in shortest decimal notation 


= Only the first character is displayed 
though multiple characters were input 


= Integer number out of range of integers 
= Floating point number within range 
= Single digit input as a character 


=> Out of range integer displayed incorrectly 
= Within range of unsigned integers 
hence displayed correctly using %u 
= Displayed as a floating point number 
= Floating point in scientific notation 
= Expressed in shortest decimal notation 


= Digit displayed as a character 


Observe the use of the function ££1ush (stdin) in line-10 of the last program, before the character input. 
The next program shows another use of the %c format specifier and ££1ush() function. 


#include<stdio.h> 
int main() 
{char ch; 


f£lush (stdin) ; 

scant ("te”, Geh) ; 

print£("\nThe ASCII value of tc is %d", ch, ch); 
return 0; 


wAaNAHAKNK 


10 5 


Output of the above program: 


Enter the character to find its ASCII valu 
The ASCII value of C is 67 
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/*P®rogram-05 To display tha ASCII value of a charactert/ 


printf ("Enter the character to find its ASCII value: "); | 


a 


Printing ASCII 
value of a 
character 
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| Two different specifiers are used to display the same character variable ch. Each character input from the 
| keyboard has an 8 bit integer value associated with it. The computer stores this integer value to 
represent the character. This value is known as the American Standard Code for Information Interchange or 
| ASCII code of the character, Here the $d specifier, which displays an integer, converts the character 
| represented by ch to the corresponding ASCII value and displays the value. This statement can be used to 
| display all the ASCIT characters and their corresponding ASCII values using proper foopihg (we will write Such 
| a program in a later chapter). Thus we can change the displayed output by changing the format 
| specifier for the same variable. 


| The following program displays the use of the %s format specifier. 
Use ofthe | £  /*Program-06 to display the use of the $s specifier*/ 
sspecifier 2 #include<stdio.h> 
3 {idefine WISH "Thank You" 
# int main() 
5 (char Name{ ] = “Anuraj"; 
6 
z. 


printf ("Using %%s specifier to print: ts\n", WISH) ; 
print£ ("Using ts specifier to print: %s\n", Name); 


return 0; 


Output of the above program: 


Using $s specifier to print: Thank You 
Using $s specifier to print: Anuraj 


"A detailed discussion of the use of the %s format specifier used to handle strings will be done in the 
| chapter dealing with strings. So do not get disappointed by the syntax of the above program. For the time 
| being just keep in mind how the %s specifier is used in the above example. We have used %s in line-6 to 

display a constant string defined in line-3 using the #define statement. Line-7 displays a variable 
| string that is initialised in the character array (this is how a string is represented in C) in line-5. 


Two more format specifiers of interest are the %o (not zero, but ‘o’) and the %x specifiers which convert an 
| integer type data to the corresponding Octal and Hexadecimal number respectively. The following example 
shows the use of these specifiers. 


Ge The following program displays the use of the %o and %x format specifier. 


/*Program-07 to display the use of the to and $x specifiers*/ 

val #include <stdio.h> 

int main() 

(int num; 

printf£("\nEnter an integer number: ") ; 

scanf("¢d", énum) ; 

printf£("\nThe number ¢d is to in Octal and %x in Hex", num, num, num); 
return 0; 


9) 
| 
Output of the above program: 
Entex an integer number: 14 
The number 14 is 16 in Octal and E in Hex 


Note that the value stored in the same variable num is displayed in three different manners using three 
different format specifiers In line-7. 


Ge + Field Width Specifiers: 


As stated earlier, the format specifiers are mainly used for formattin: is di 

; g the way the data is displayed. 
This is done using the Field Width Specifiers. The spacing and the amber of digits/characters 
displayed are controlled by the field width specifiers. The general format for a field width specifier is: 
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mall ' | 
@ total width of the fleld [%N.n ] Cn) = number of digits/characters to display my 


Field width 
es the number of spaces allotted for a field, In case the data length Is less than N, extra 


will be put to make the total as N. This does not imply that the full data will not be displayed if the 
areata length is more than the specified length. For float type data It includes the decimal point in the a 
es In such case C Ignores the field width specified and displays the whole data. 


For real numbers, 
the meaning of n depends upon the data type. For float type data it indicates the number of | the 
to display after the decimal point. For ant type data it represents the number of digits to display with | is included with 
jeading zeroes If the value of n Is more than the number of digits. For string type data It indicates the number the width. 
of characters to display. 
certain special symbols when inserted along with the field width specifiers can align (justify) the data along ay 
certain lines or put extra characters along with the data. These are: Spoclal symbol 
* 0 (zero): This causes leading zeroes to come in place of blank spaces before the data, if the | with field width 
specified field width Is longer than the actual data width, spocilier 
« —(minus): This causes the data item to be left justified within the specified field, Thus blank spaces 
to fill the remaining field width will be added after the data and not before It. 
+ + (plus): This causes a sign to precede each signed numerical data item i.e. depending upon the 
value of the data, elther a positive or a negative sign will precede the data. 
+ # (hash): When using an e, f or g type conversion this causes a decimal point to be present in all 


floating point numbers even If the data item is a whole number. It also prevents the truncation of 
trailing zeroes in g type conversion, 


The following examples along with the outputs clarify the use of field width specifiers with float type data: ay 


! Intf ("Cost is Rstf:”, 26.39); Output => Cost is Re26,390000; mples of field 
? t£ ("Cost is Rse¥.2£:", 26,39); Output > Cost is Rs26.39: width specifiers 
; tf("Cost is Rst8.3f 26.39); Output => Cost is Rs 26.390: 

] te ("Cost is Rst-8.2£:", 26.39); Output => Cost is Rs26.39 

5 te ("Cost is RetS.0f:", 26,39); Output => cost is Re 26: 

F | printf("Cost is Rst08.2£:", 26.39); Output = Cost is Rs00026.39; a 

' prints ("Profit is Rat+8.2£:”, 26,39) ; Output = Profit is Re +26,39: | integers, floats, 
J | peinté ("Profit is Ret-+8.2f:", 26.39); Output Profit is Rs+26.39 ; and strings can 


) | prints (“Net charge is :%#6.0£:", 26.39); Output=> Net charge is :26.  : | be formatted 
O print£("Cost is Rst.*f:”", 4, 26.39); Output = [cost is R926.3900: using Field Width 
1 printf ("Cost is Ret*.*£:", 8, 4, 26.39); Output—> \coat is Rs 26.3900: | Specifiers. 


he following examples along with the outputs clarify the use of field width specifiers with int type data: 


printf ("Distance=410d:meters", 215) ; Output => Distance= 215:meters 
Printf("Distance=t-10d:meters", 215);  Output= Distance=215 meters 
Print£("Distance=$10.6d:meters", 215); Output=> Distance=  000215:meters 
Print€("Distance=%-10.6d:meters", 215); Output=> Distance=000215 —_;meters 
Print£("Distance=¢*d:meters", 10, 215); Output = Distance= 215:meters 
Printf("Distance=%*.*d:meters",6,4,215); Output=> Distance= 0215: maters 
Printf("Net charge is :t-+4d:", 26); Output = Net charge is :+26 ; 


'e following examples along with the outputs clarify the use of field width specifiers with String type data: 
Print? ("Name=4, 
Print? ("Name=%58 


“Byomkesh”) ; Output > Name=Byomkesh: 
“Byomkesh”) ; Output => Name=Byomkesh: 
“Byomkesh”) ; Output => Name= Byomkesh; 


“Byomkesh”) ; Output = Name=Byomkesh 
“Byomkesh”) ; Output => Name=Byom: 
" “Byomkesh”) ; Output > Name= Byom: 
("Mamen4-6.48:", "Byomkesh”) ; Output -> Name=pyom | 
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\r carviage ret. 
\b backspace 

\F form feed 

\\ backslash 

\” double quote 
V single quote 
\O null character 
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Part 1: Chapter 9 
Note that in case the format specifier is expressed in the form %*.*, then the width and the ny 
to display can be given as parameters to the print £ () function as: 

printf (“Cost is Rs%*.*£:", 8, 4, 26.39); 


Here, from the data list the first data item 8 corresponds to N, and the second data item 4 Correspon, 
The third data item 26.39 represents the data to be displayed. These can be taken as variables also, dS to n, 


Apart from using format specifiers for formatting text, print£()can use special codes Called g, 
Sequences to control the way the cursor moves on the screen or insert/display some special characters Pe 
Each escape sequence begins with a backslash “\” which identifies the character that follows as an es 
sequence. When the compiler encounters the backslash, it does not display the next character but Derfornt 
is 


the function indicated by it. Though each sequence comprises of two characters (backslash and the Seque 
code) however it is treated as a single character by C and occupies 1 byte. nce 


The different types of escape sequences along with examples are given below: 


e The newline character: the sequence \n performs a newline command i.e. it inserts a new line ang 
prints whatver is written after it starting from a new line. There is no need to put any blank space 
between the escape sequence and the preceding or following text. 


printf (“A\nB\nc”) ; \n inserts a line after displaying A and B on the screen 


Outputi: 
A 
B 
c 


e The tab character: the sequence \t moves the cursor to the next preset tab stop. The tab escape 
sequence is used to allign data or text along a particular vertical line. 


\t inserts a tab (fixed space) after displaying each digit on the screen 


printf ("O\t1\t2\t3\t4”) ; 


Output2: 
° 1 2 3 4 


The following example shows a use of the tab escape sequence to print a part of a calendar: 
printf (“S\tM\tT\tW\Tt\tF\ts”) ; 
printf (“\t\t1\t2\t3\t4\5”) ; 
printé ("6\t7\t8\t9\t10\t11\12”) ; 
printé (“13\t14\t15\t16\t17\t18\19”) ; 


Output3: 
s M T Ww T F s 
sl 2 3 4 5 
6 7 8 9 10 121 12 
13 14 15 16 17 18 19 
‘ h or to the 
The return character: the sequence \x performs a carriage return, i.e. moving the curs ing 
) i. frer execu 


Start of the same line without moving down to the next line. Hence if anything is written 4 
the \x sequence, it will overwrite the existing text. 


printf (“Left\rRight”) ; 


Output: Only the word Right will be displayed as it will overwrite the word Left 
Right 
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«The backspace character: the sequence \b moves the cursor just one position to the left, It is non- | 


destructive and does not erase any character as it moves to the left. If after a backspace command, | 
a newline command is given, the cursor moves to the next line without inserting a blank line. 


5 formfeed character: the \f sequence ejects the current Page when output is sent to the printer. 


Displayin certain special characters: to distinguish between a syntactical sequence and any special 
punctuation mark like *, ™ 


7“, \ etc. in the control string, the character to be displayed is combined with the 
escape sequence \e 


Input / Output and Simple Calculations in C 


printé ("Press \“ENTER\" to start”) ; Output = Press “ENTER” to start 


print£(*\\n inserts a new line”) ; Output = 


| 
\n inserts a new line | 


Unformatted Text 
Input 


the screen are the putchar() function and the puts() function. However these functions are unable to 
format the text to the extent that print£() does, Hence these can be used at places where formatting the 


data is not required. Since the formatting overhead is not there in these functions, these functions are also 
faster than the print () function. 


* The putchar( ) function: yy 
| The putchar( } 
| function 


The putchar() function displays a single character value on the screen. The parameter of the 
putchar() function must be either a char literal, char constant or a char variable, It is used instead of 
printf ()at places, where only a single character needs to be displayed. When using literals, the character 
literal should be put inside single quotes as ‘a’, Examples of the putchar () function are given below: 


putchar (‘H’) ; (using char literal) Output> 4H 

#define TRUTH ‘y’ 

void main() | 
(putchar (TRUTH) ;)} (using char constant) Output=> ¥ | 

void main() | 


{char initial; 
initial = ‘g'; 
putchar (initial) ;)} (using char variable) Output= J 


Putchar('\n’); Output = a new line, treating the escape sequence \n as a single control | 
character and not as two separate characters \ and n 


* The puts( ) function: NT 


Whereas the putchar() function displays a character on the screen, the puts() function is used to The puts( ) 
display a text string on the screen. Similar to putchar(), the puts() function displays unformatted function 
Sting starting from a new line, Though formatting cannot be done, but the escape sequences like \n or 
\t can be used along with the string as shown below: 


1 ‘fidefine WISH “Good Morning Darjeeling” 

2 void main() 

3 {pute (wisn) ; 

4 puts ("Good\t\thorning\t\tDarjeeling") ; 

5 puts(“Azise, awake, and stop not\nTill your goal is reached”) ; 
ae 

Output 


Worning Darjeeling 
Morning Darjeeling 
, awake, and stop not 
1 your goa) is reached 
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Note that line-3 prints the constant string literal WISH, line-4 prints a literal string with tab sequences 
line-5 prints another string with a newline ‘\n’ character in between. While printing, the newline splits the is ‘ 
x! 


to be displayed in two different lines. 


) 


tinputstheg 


5 Unformatt 

| © The getehar( ) function: 
Similar to the putchar() function which is used to output an unformatted character data, there is th, 
getchar() function to input any unformatted character data. One can input the character either as : 


char or an int type. 

Unlike the scang () function, the getchax() function does not appear at the beginning of a line but js 
| usually assigned to a variable with the ‘=' sign. One more thing to note about the getchar () function is that 
it does not take anything as its argument i.e. nothing is to be put inside the braces following the 

getchar function name, When the program encounters the getchar() function, it stops and waits for 
some input from the keyboard. After typing in the desired character the same is to be followed by the ENTER 


key to assign the input to the variable. 
ingle character as input, whenever a character is typed into the keyboard, 


Since getchar() expects a si 

(including a blank or simply an Enter) the function reads that character and assigns it to the variable. The 
getchar () function also echoes the character typed, i.e. It displays the character typed onto the screen. 
The following program shows the use of the getchar () function. 


fonction canbe /*Program-08: Use of getchar() function*/ 
used to pause the 
program output 
before the last 
return statement. 


#include<stdio.h> 
int main() 

{int ascii; 

puts("Input any character to see its ASCII Code: “); 


£f£1lush (stdin) ; 


ascii = getchar(); 
printf ("The ASCII value of tc is #d.”, ascii, ascii); 


puts("\nPress ENTER to continue”); 
fflush (stdin) ; 

getchar(); 

return 0; 


RPEOEBVNAGHAUKK 


8 


137} 
Output: 
Input any character to see its ASCII Code: A 
The ASCII value of A is 65 
Press ENTER to continue = The program waits at this line for an input 
ction is used to 


In line-4, the variable ascii has been defined as an integer. In line-7 the getchar () fun 
input a character and assign it to the variable ascii. The printé () function in line-8 prints the character 


using the %c specifier and prints the ASCII value of that character using the %d specifier. 
function is used without assigning it 

from the 

variable 
lo: 
am until the 


omeone wants to halt the progr: 4 
To view the 


the 
Two more functions that are similar in operation as the getchax () function are the getch() and are 
ilers. These functions 


getche() functions, However these functions may not be available with all comp! 
available with the Turbo C compiler. 
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, The gets( ) function: 

it from the scan () function the gets () function is used to input any type of unformatted text/string 
into a variable. The gets () function can be used to input any type of string data. Unlike the scanf() 
function it can even input a string with blank spaces separating the words in the input stream. More of 
gets () will be discussed in the chapter dealing with strings. Presently we give a very brief description 
snd use of gets ()- The argument of the gets() function contains only the string variable name (without 
any address operator |.e. &) as shown in the example below: 


‘The following program shows the use of the gets () function. 


1 /*Program-09: Use of gets() function*/ 
2 #include <stdio.h> 

3 int main() 

¢ {char name[21]; 

5 puts("Enter your name (<=20 characters)”) ; 
6  fflush(stdin) ; 

7 gets(name) ; 

§  print£(*\nYour name is %s”, name) ; 

9 return 0; 


Enter your name (<=20 characters) 
AR. Rahman => The user input 
Your name is A. R. Rahman 


Astrng in C is basically a character array. Line-4 defines the character array variable called name to store 
the string. Don’t worry if you can’t understand the use of gets() at this point. All these will be 
discussed in detail in the chapter dealing with strings. 


The gets() function waits for the user to input the data string. As the data is typed in character by 
character, the same gets echoed (i.e. displayed) on the screen. After writing the string, only when the ENTER 
key is pressed the typed characters get assigned to the variable name. As long as the ENTER key is not 
pressed if any character(s) is mistyped, one can use the backspace key to delete the unwanted characters. 
Only when the enter key is pressed will the string input be assigned to the variable. Finally in line-8 the 
entered string is displayed using the print£() function and the %s format specifier. 


le\Calculations 


After an input is made, it needs to be processed to give any useful information as output. This processing of 
data may involve mathematical operations. Operators are required to perform the calculations 
that transform data into information. It is basically a symbol that tells the computer how to process the data. 
Based on their mode of operation, operators can be of different types viz. arithmetic, assignment, 
relational, increment, & logical. Let us discuss the arithmetic & assignment operators and the rest 
will be discussed later. The following operators perform the mathematical functions as indicated: 


Operator | Purpose ar Example/Use Remarks 


y=50ry= atb-c | Used to assign a value to a variable 


= | assignment 


addition years For a=8, b=5, y=13 | 
: | subtraction | ysa-b For a=8, b=5, y=3 
a* multiplication | 9 y=a*b , y=40 
_f |diision =| ve a/b , y=1 (Performs integer division) 
%o | remainder ' yratb For a=8, b=5, y=3 (Gets the remainder) 


When using an operator to perform mathematical calculations, a varlable Is usually used to store the result of 
the calculation. The variable and the arithmetic operation are connected by an equal sign “=" also 


the assignment operator, with the variable on the left side and the calculation on the right side. 
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Part 1: Chapter 9 


There can be any number of variables connected by the operators on the right side of the "=' 
the left there should be only the name of the variable. E.g. 


= Calculates the area of a circle by multyplying the constant 3.1415 


with r*r (Note: there is no exponential operator “~" in C) 


interest=(p*r*t)/100; => Finds the interest by multiplying p, x & t and then dividing by 100 


"sign, but Shi 


area = 3.1415*r*r; 


The assignment operator is used to assign the result of a calculation or a value 
from the right of the operator to the left. All calculations should be done ‘on the right hand 
side of the assignment operator. (This is different from the equality operator) 


The ‘8’ or remainder operator may be new to you. It is used to get the remainder of dividing two integer 
variables. The result is also an integer. For example if a and b are two integer variables and a=11& b=4, 
then the value of a/b will be equal to 2 and a%b will be equal to 3 as the remainder of dividing 11 by 4 js 3, 


When more than one of the above operators is present in a calculation, then c performs the calculations 
in a certain order. The following table gives the precedence and associativity of the arithmetic Operators, 
Operators with a higher precedence are evaluated before operators with a lower Precedence in 
an expression. When a group of operators of the same precedence are present in an expression, then 
associativity indicates the direction in which the operators will be evaluated. The following table 
with examples clarifies the above concept. 


ie [ Precedence | Operators | Associativity | Example ae ea 
3 High | O y=24/3*2%74*3/3 |¥ = 48-128/32*3-7*6/2+942 
i 1 So | = (24/3) *2%7%3/3| = 48-128/3243-746/249%2 
Rento)Right;| (9*2)%7*3/3 = 48-443-42/241 
* % (ie. calculation = (16%7) *3/3 = 48-12-2141 
rh ® |i. done storing (2*3)/3 | = 36-2141 
m ) = (6/3) =2 | = 1541 
—e = -| =16 
ly =6-15+14 | y 
~ = - | 
EE = ie 9 wa Me Expression with operators with 
Low a anes — | mixed precedence. Note that 
- Assignment operator has the lowest | higher precedence operators are 
= Right to Left priority i.e. performed at the last calculated first 


The above rule depicts the hierarchy of opt 


erations with more than one operat 


itor. However this hierarchy can 


be overridden by using brackets, which has the highest priority. The following example clarifies the point. 


y = (512-128) /(32*2)-4* (33/(2+9)%2) 
= (512-128) / (32*2) -4* (33/ (2+9) 2) 

384/64-4* (33/11%2) 

6-4* (342) 

= 6-441 

6-4 

2 


Note that, irrespective of the precedence the expressions within the brackets are evaluated first, based 07 


their associativity. 


The next program tries to find how much is to be add 


Gwvisible by 5 and then find the new integer 
Algorithm: 

+ Step1: Input the number 
Step2: Divide the number by five 
Step3: Find the remainder 
StepA: Subtract the 
Step’: Add this result to the Input 


. 
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1 [/srogram-10: To find number divisible by 5+*/ 

2 @include<stdio.h> 

3 finclude<conio.h> 

4) ant main() 

§ {int num, newnum; 

6 elrser(); | 
7 print¢("\nInput number to check divisibility by 5: | 
8 scanf("%d", &num) ; | 
9 newnum = num + 5 — num % 5; | 
10 printf("\nThe next highest number to td, divisible by 5 is $d", num, newnum) ; 

u printf("\nPress any key to exit\n"); 

12 getch(); 

13 return 0; 

14 Bt 


In the above example in line-9, the calculation for newnum is done in the following order for an input value of | 
num as 18; 


newnum = num + 5 — num % 5 => As per precedence first modulo or remainder calculation is done 
18 + 5 - 185815 


=18+5-3 = Second addition is done following the associativity of left-to-right | 
=23-3 = Finally subtraction is done 
= 20 


If precedence of operators was not maintained then the result would have been: 
newnum = 18+5-18%5 

= 23-1885 

= 585 


=0 => Which is the wrong answer 


=> To get the correct number 20 | 


Note the use of a new include file, viz. the conio.nh file, It is used for console input output functions like 
clrser() and getch() when the Turbo C compiler is used. The first one is used in line-6 to clear the 
screen i.e, make it blank before something is displayed on it. The second one i.e. getch() is used in line-12 
to make the output screen wait for the user response (same as the use of getchar () for the purpose). 


9.8 Operators and Data T) 


* Datatypes and the assignment operator: | aS] 


Usually the same type of data is used on either side of the assignment operator in an expression. Thus when Using the 
adding two floating point numbers, the result is also assigned to a float variable. But in case there are | assignment 
different numeric types on the left and right sides of the assignment operator, the data type of the final = operator 
value depends on the data type of variable on the left side of the assignment operator. The value 
of the expression is demoted or promoted depending on the type of variable on the left hand side of the 
assignment operator ‘=’ symbol. Therefore: 


int x; float y; i.e. xis defined as an integer and y as a floating point value 


x= 4.9; Here x will hold the value 4 i.e. it gets demoted from a float i.e. 4.9to 4 
y=6; Here y will hold the value 6.000000 i.e, the int 6 gets promoted to a float 6.000000 
* Data types and the division operator: my 


The result of dividing two values not only depends on the data type of the variable where the result is Rulsetor 
assigned but also depends on the data types of the operands |.e. the dividend and the divisor. division 


of the nt r double erat 
Rule: When dividing two values if at least one of the numbers is a real (float or double) type data then Operator 
\the result Is a real type data. In case both the numbers are of integer type, the result is also an 


Integer type data, — 


The next Program piece shows the fact by doing the same calculation on different types of literal data. 
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| 1 ant main() 
2 {float ¢; 
3 @= 12/5; print£("$£\n", c)? => Output is 2.000000 i.e. truncated result 
| 4 © = 12.0/5: print£("$£\n", c); => Output is 2.400000 i.e. correct result 
| 5 © = 12/5.0; printf£(*$f\n", c)i = Output is 2.400000 i.e. correct result 


© = 12.0/5.0; printf ("8£”, c)é => Output is 2.400000 i.e. correct result 


Mm 


return 0; 
) 


Cy 


using variables instead of literals. The following pieces of code display the 


The same rule also applies when r 
\d the resulting outputs depending upon the data types of the variables, 


different combinations of inputs an 
| Caset: Dividend, Divisor, Quotient, all are integers: 
7 ant main() 
2 {int a, b, oF 
3 print€("Input dividend: "); scanf("td", 6a); 
4 print£ ("Input divisor; "); scanf("td", &b); 
es ce = a/b; 
6 print£("The value of %d/td is %d", a, b, c); 
7 return 0; 
6} 
Output: 


Input dividend: 4 
Input divisor: 8 


The value of 4/8 is 0 
Case2: Dividend, Divisor integers; Quotient float: 

int main() 

{int a, b; float ¢; 

printf ("Input dividend 


1 

2 

3 scan£("%d", 6a); 
4 print£("Input divisor: " 

es 

6 

7 


7 scanf("%d", &b); 


© = a/b; 
printf ("The value of %d/%d is %£", a, b, c); 
return 0; 
} 
Output: 
Input dividend: 4 
Input divisor: 8 
The value of 4/8 is 0,000000 


Case3. Dividend integer: Divisor, Quotient float: 
J int main() 
2 {int a; float b, c; 
3 peintf£("Input dividend: "); scanf("td", Ga); 
4 ~— print£("Input divisor: "); scanf("%£", &b) ; 
5 © = a/b; 
6 printf ("The value of 4d/8f is tf", a, b, o); 
7 return 0; 
ay 
Output: 
Input dividend: 4 
Input divivor: 6 
‘The velue of 4/4.000000 ie 0.500000 
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cases: Divisor integer: Dividend, Quotient float 
1 int main() 

2 {int be float a, c; 

| printé("Input dividend: 


# scanf("%£", ga); 

x print£("Input divisor: "); scanf("sd", gb); 

‘i c= a/b; 

§  print£("The value of $f/%d is %£", a, b, ce); 
| 

6) 

Output: 


Input dividend: 4 
nput divisor: 8 


e value of 4,000000/8 is 0.500000 


Gase5: Dividend, Divisor, Quotient, all are floats: 
q jint main() 

2 |ifloat a, b, c; 

3 | print£("Input dividend; 
4 | print£("Input divisor: ") 
5 | c=afb; 
6 

7 
8 


# Scanf("%E£", Ga); 
7 Scant ("%£", gb) ; 


printf ("The value of %£/%£ is ¥£" 
return 0; 
) 
Output: 
t dividend: 4 
ut divisor: 8 


1a, b, oc); 


value of 4.000000/8.000000 is 0.500000 


Ih cse-1 and 2 we have got an unex; 
Givision with a and & both in 


h Case-3, 4, and 5 we have got the expected result as out 


2 floating point divisions with either a or b or both as £1. 


itput because unlike case1 and 2, these divisions 
point variable c, 


‘eats and the result also assigned to a floating 


Note that in case-2 we can 


get a correct result using the following technique: 
5 Be = 1 ora; 


* General rule for data type conversions: 
18 general when data of different types are Present in a given expression, then they are converted to the 
type. Two types of type conversions are possible — implicit and explicit type conversions. In an 
type conversion the compiler performs the conversion during the compilation process without any 
thon by the programmer, 


In case of evpressions containing values of a mixed data type, the expression is Promoted to the data 
10e of the variable/constant with the largest data type. It follows the following rules during the conversion: 
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Data 
conversion 
rules 


ad 
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er | a, If either operand is a long double type data, the other is also converted to a long double type data 

b. Else if either operand is a double type data, the other is also converted to a double type data 

} 6 

| Else if either operand is a float type data, the other is also converted to a float type data 

| i i f the original data type (like char, or short int’ 

| d. Else if an int type data can represent all the values of i t ‘ nt), th 
value is converted to an int. Else it is converted to an unsigned int. The process is called integray 


promotion 
e. Else if either operand is an unsigned long type data, 


data 
i i igne type data, then if a long j 
: ng int and the other an unsigned int type data, Ng int 
f. Else if one of the operands is a long srint the unsigned int is converted t long int. Otherwise both cel 


represent all the values of an unsigne 
operands are converted to unsigned long int : 
the other is also converted to a long int type data 


g. Else if either operand is a long int type data, : 
h. Else if either operand fs an unsigned type data, the other is also converted to an unsigned type data 
Else if either operand is an int type data, the other is also converted to an int type data 


conversion 


the other is also converted to an unsigned long type 


loi 
The following code illustrates the way the type conversion occurs: 


int main() 
{int a=10, b=6; 


double d=8.6, result; 
result =a*c-a/btd/etb; 


printf("The final result is ¢1f", result); 


return 0; 
} 


Output: 
The final result is 59.138095 


While doing the calculation in line-5, the results of the calculation are type converted in the following way: 
= result is float = 52.5 


= result is int = 1 


tf 
2 
3 
4 
a 
6 
7 
8 


atc-a/b+d/cec+b => int * float 


52.5-a/b+d/c+b = int / int 

52.5-l+d/cetb = double / float = result is double = 1.638095 

52.5 — 1 + 1.638095 + b => float - int => result is float = 51.5 

51.5 + 1.638095 + b = float + doublet = result is double = 53.138095 

53.138095 + b = double + int = result is double = 59.138095 
=> Final result is a double type data 


59.138095 


te In the explicit form of data type conversion, the conversion is made a part of the code written. It forces 
an expression to be of a given data type. The process is known as Type Casting. It converts the data of a 


given data type to another data type for the calculation in this case, The following example shows the method 
by modifying the code for division used in the last example: 


° Modified Case2: Dividend, Divisor integers: Quotient float: 
me is J int main() 
weed to coverert 2 {int a, b; float ¢; 
tate Of & given 7 inter ci 
pete printf ("Input number1: "); scanf("%d", &a); 
‘$66 — 4 printf£("Input number2; "); scan£("%d", gb) ; 
gy § © = (float)a/b; 
6 printf#("The value of 4d by $d is #£", a, b, ¢); 
7 return 0; 
a) 
P1-9-18 256 


Sele 
Rudiments of Computer nee: Input / Output and Simple Calculations in 


ut: 
Outs put numberl: 4 
at number2: 8 
@ value of 4 by 8 is 0.500000 
Observe that in line-5, we have temporarily converted the variable a into a float by using the data 
identifier £Loat written within braces before the variable a. In a similar manner we pit convert b also ce 
and b both Into a £1oat while doing the calculation, 


However this is a temporary process and after the 
calculation the variables a and b will remain as Integers. The following lines illustrate the other Possibilities, 
5 fe= a/(float)b; 


5 |e = (float)a/(float)b; 


9.9 Some Worked out examples 4 


Convert a length entered by the user In Inch to cm. 


Worked out 
1 /*Program-11: inch to cm conversion*/ examples 
2 Hnclude<stdio.h> 
J dpt main() 


4 {const float INCHtecM = 2.54¢£; 

5 float inch, cm; | 
§  printf("\nInput the length in inches: ”); 

7 scanf("%£", &inch) ; | 
8 cm = INCHtoCM * inch; 

$  print£("\nThe required length in cm is = %£", cm); 

10 flush (stdin) ; | 
11 getchar() ; | 
12 return 0; 

3) 

Output: 


it the length in inches: 4.9 

EE: length in cm is = 12.446000 
Find the circumference and surface area of a circle. 
1 /*Program-12: To find circumference, area of a circle of radius xrt/ 
2° #include<stdio.h> 
3 define PI 3.1416 
4 int main() 
5 {int x; 
6 
7; 
8 
9 


float circum, area, surf_a: 


a, vol; 

print£(“\nInput the Radius (integer number): ”); 

scanf("td", br); 

circum = 2*PIr; 

area = Pl*rtr; 

printf ("\nRadius=%d, \nCircumference=%f, \nArea=$f", r, circum, area); 
420 £f1ush(etdin) ; 

getchar(); 


feturn 0; 
iS y 


Output: 
Thiput the madius (integer number); 0 | 
Padiue-B, 
Cigcumterence=50 265598, 
Agee=201 062399 
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re of a given area r. 


Find the surface area and volume of a spher 
volume of a sphere of radius 


et] 
1 /*Program-13: To find surface area and 
2 #include<stdio.h> 
3 #define PI 3.1416 
4 int main() 
S {ant xv; 
6 float surf_area, vol; 
print£("\nInput the Radius (integer number): ")/ 
é scanf("td", &r)7 
surf_area = 4*PI*r*r; 
10 vol = (4,0/3)*PI*r*rtx; 
11 print€("\nSurface Area = $f, \nVolume = $£", surf_area, vol); 
42 ££lush(stdin) ; 
43 getchar(); 
14 return 0; 
15} 
Output: 
put the Radius (integer number): 6 
Surface Area = 452.390411, 
Volume = 904.780823 
To find out the size of the different data types as supported by the compiler that you are using, the following 
) function to find the length of the data type taken as its 


program can be used which uses the sizeof( 
argument (type the program as it is, compile it and run it to get the result): 


To Find the Byte Length of different Data Types*/ 


1 /*Program-14: 
2 #include<stdio-h> 

3 int main() 

4 {puts("Program to print the size of different Data Types\n") ; 

s printf("\nThe size of an integer data is (in bytes) : td", sizeof (int)); 

6 printf("\nThe size of a short integer data is (in bytes) :%d", sizeof (short) ); 
7 printf("\nThe size of a long integer data is (in bytes) :%d", sizeof (long) ); 

& printf("\nThe size of a float data is (in bytes) :%d", sizeof (float)); 

g printf£("\nThe size of a double float data is (in bytes) :%d", sizeof (double) ) ; 


JO print£("\nThe size of a char data is (in bytes) :%d", sizeof (char) ) ; 
4i  ££lush (stdin) ; 

12 getchar(); 

i return 0; 

14) 


Output: 
Program to print the size of different Data Types 

size of an integer data is (in bytes) :4 

size of a short integer data is (in bytes) :2 

size of a long integer data is (in bytes) :4 

Size of a float data is (in bytes) :4 

size of a double float data is (in bytes):8 

size of a char data is (in bytes):1 


PRR ERE 


Write a i 
@ program to find how many hours, minutes, and seconds are there in a given number of seconds. 


J /*¥rogram-15; To find total hour, minute cond in a given number of seconds* 
ur, se 

4 , di giv / 

4 #inelude<conio, n> 
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4 jant main() 
{int H, M, S, total, rem; 
elrscr(); 
7 print€("\nInput total number of seconds: ") ; 
a scanf("sd", &total) ; 
9 H = total/3600; /*Integer division v t ir 1 i 
0 rem = total%3600; | /*Remainder gives the remaining minut 
ut M = rem/60; /*Integer division by 60 on rem gives the numt minute 
12 5 = remt60; /*Remainder gives the remaining number ond 
B printf ("\n%3d Hour, \n%3d Minute, \n%3d Second", H, M, S$); 
14 flush (stdin) ; 
15 getchar(); 
16 return 0; 


Write a program to exchange the values stored in two variables. 


1 /*Program-16: To exchange two values using third variable*/ 
2 #include<stdio.h> 


3 int main() 


4  { int numl, num2, temp; 

a printf("\nInput first number: "); scanf("%d", &numl); 

6 printf("\nInput second number: "); scanf("td", gnum2) ; 

7 temp /*Copy the value in numl in the temporary va: © temp*/ 
8 numl /*Copy the value in 2 in the variable numl*/ 

9 num2 = /*Copy the value st in temp (i.¢, numl) in num2 */ 
10 printf("\nThe exchanged values are: %d, %d", numl, num2); 

u f£flush (stdin) ; 

2 getchar (); 

3 return 0; 

14 Be | 
Output: 


Input first number: 19 
Input second number: 52 
The exchanged values are: 52, 19 


is not written always and only the relevant parts are shown. 
Find the area of a circle of radius r. 


1 #include <stdio.h> 

2 define PI 3.1416; 

2 int main() 

4 (float xr, area; 

5 printf("\nEnter the radius of the circle: ”); scanf(“$f", &r); 
6 area = PI*rtr; 

7 printf ("\nArea of circle is %£", area); 

& xeturn 0; 

a Y 
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Ata first glance it may seem that the program is ok. But the moment you will try to compile it (Le. cy 
the source code to machine code), it will not compile and will give an error message. The error lie: 
of the statement terminator at the end of line-2. Remember that: 


‘One 


MWertir 
S In th x 


iat 
No pre-processor directive should end with a semicolon ‘;’ 


Rectify the line as follows and the program should immediately compile: 


2 define pr(3.1416 ) 


Find the area of a rectangle. 


#linclude <stdio.h> 
int main(); 
{int len, br, area; 
printf£("\nEnter the length of the rectangle: ”); scanf(“%d”, &len) ; 


print£(“\nEnter the breadth of the rectangle: “); scanf("%d", &br) ; 
area = len*br; 


printf("\nArea of rectangle is %d", area) ; 
return 0; 


d 


When you try to compile the above program a list of error messages will appear. The reason is again the 


wrong use of statement terminator. There will not be any statement terminator after the name of the 
main () function in the function header in line-2. 


Write a program to convert the length in inches to feet. 
#include <stdio.h> 
int main() 
{int inches; float feet; 
printf(“\nEnter the length in inch 
feet = inches/12; 
printf£("\nThe required feet = %£", feet) ; 
return 0; 
) 


: “); sean£("%d”, &inches) ; 


BVAHAWNH 


‘The above program has a flaw in line-S. The division should be a floating point division to get the exact result. 
Either you will have to use a floating point variable for inches or you will have to use typecasting. In this 
Progrem there is another way out. Since the denominator is a literal, to make the program run we can 
convert it to a floating ps value as shown below: 


5 feet =“inches/12.0 


Find the volume of a sphere of radius r. 


i include <stdio.h> 
2 define PI 3.1416 


7 main() 

4 == {float x, vol; 

5 printf("\nEnter the radius of the sphere: “); 
6 scant ("4da”, br); 

7 vol = 4,0/3*PI*rt rer; 

4 printf ("\nYolume of the sphere ia 4a", vol); 
g return (0); 
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ut 
jer the radius of the sphere: 10 


vane of the sphere is 0 


ile the above program, the compilati 
you compl A Pilation will show no error messages. But 
in jou wl total rage output. The a isin he incre sea he or spss 
is ines and eaetiet we shoud eicieeee r a vol as floating point numbers. Hence instead 
. ; : specifier. The compiler will wrongly interpret the data 
rrinteget format specifiers are used with a floating point type data. The corrected lines will look like this: 


6 © scant("8£”,) 62) 7 
5 |) printé("\nVolume of the sphere KO) von); 
rectified Program Output: 
| 


ter the radius of the sphere: 10 
lume of the sphere is 4188.799805 


Program to input a number and find its square. 
jinclude <stdio.h> 
main() 
{int num, sar; 
print£("\nEnter number to find square: ”); 
scanf(“$d”, num) ; 
sqr = num * num; 
printf("\nThe required square is %d", &sqr) ; 
return (0); 
) 
Output: 
Enter number to find square: 5 
The required square is 1329603584 
The reason for this incorrect output is the wrong use of the scanf() function in line-5 and printé () 
function in line-7. Since the variable num is an integer, there should be the address operator ‘s’ before 
the variable name in scan£() . Moreover there should not be any address operator before the variable name 
inthe print () function. The rectified statements are shown below: 


Eh Bane 0a" Com) 


7 | print£("\nthe required square is %d", 


WEN AH AUN 


Rectified Program Output: 
Enter number to find square: 5 
The required square is 25 


Whenever you have some garbage or unpredicted output check the following***** 
= hair ew 


Whether you have used the format specifiers correctly in the scanf () and printgé() functions. 


| 
Whether you have used the format specifiers in correct order in the scanf() and printf() | 
functions when there are multiple format specifiers. | 
« Whether you have not used the address operator along with the variable ina scané () operation | 
as scanf (“%d”, x), instead of scanf("%d”, &x) for numeric and character variables. | 


along with a variable in the data list of a | 


© Whether you have by mistake used the address operator 
Garea) instead of printf(“\nArea = | 


print£() statement as printf("\nArea = %£", 


%f", area). | 
E & : aol 
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rd input output devices like keyboard, 


“Input and output can be from standat 
), which can display all types of 


can work with multiple arguments in one single parameter, In addition, 
appears. Example: printf("The value of area = %d", x); 
«Any number of data can be passed to the printf( ) function, 
each item and moreover the values in the data list must appeal 
+ The format specifiers are used for formatting the way the data is displayed. This Is done us 


Format specifiers used include: 9d for int, Yof for float, Yc for char, 


* The general form of a format specifier is %N.n, where N is the wi 
rr of digits/characters displayed 


floats) and n Indicates the precision or the number 
Js Apart from containing the format specifiers for formattins 


control the way the cursor moves on the screen by using sp 
escape sequence begins with a “\” which identifies the charac 


| 4 Escape sequence \n = newline, \t = tab, \r = carriage return, \b = backspace, We Ve" 


+ scanf( ) is the general purpose input function whi 
keyboard, Scanf( ) scans formatted data from the keyboard, 
in the scanf function, the address of a variable is denoted by placing the 
name for numeric ([.e. int, float, double etc.) and character ([,e. char) type 
the memory address at which the contents of the variable are stored 


«Be careful in specifying the order in which the con 
written, If the order does not match, then proper data will not be inj 


* The putchar( ) function displays @ single character value 

must be either a char literal, a char constant or a char variable. Example: putchar(ch); 

+ Whereas the putchar( ) function displays a character on the screen, the puts( ) function is 
| display a text string on the screen. Similar to putchar( ), the puts( ) function displays unfos 
| string starting from a new line 
| 
| 


Example: scanf("%d", Bx); 


variables, The address operator 


put into the variables. 


= Always use the fflush(stdin) statement before entering a character type or string type data using the 


getchar( ) or gets( ) functions to avoid any malfunction. 


+ Similar to the putchar( ) function which is used to 
getchar( ) function to input any unformatted character data, Exam 


«Apart from the scanf{ ) function there is the gets( 
variable. The gets( ) function can be used to input any type of string 


+ The assignment operator is used to assign the result of a calculati 
operator to the left. All calculations should be done on the right hand side of the assignment o| 


(This is different from the equality operator). 

+ Operators with a higher precedence are evaluated before operators with a | 
@ group of operators of the same precedence are present in an expression, the 
in which the operators will be evaluated, 

+ When there is a mismatch of variable types during an assignment, then the val 
demoted or promoted depending on the data type of the variable on the left hand side of the = 

+ When dividing two literal values or two variables and assigning the result to a float, at least one of the 
must be of real type if the correct result Is desired as a floating point value 

+ Based on their mode of operation, operators can be of different types viz. 
relational, increment, & logical 

+ The assignment operator is used to assign the result of a calculation or a value from the right of the opera 
left, All calculations should be done on the right hand side of the assignment operator 

+ When dividing two values if at least one value is a real (float or double) 
real type data, In case both the numbers are of integer type, the result is a 

+ In general when data of different types are present In a given expression, then they are converted to 

type. Two types of type conversions are possible ~ Implicit and explicit type conversions 

In an implicit type conversion the compiler performs the conversion during the compilation 

without any Intervention by the programmer 

+ In cave of expressions containing values of a mixed data type, the expression Is promoted to the data tYf 
variablejconstant with the largest data type 


output an unformatted character data, thei 
ple: ch=getchar( ); 


data. Example: gets(str); 


ren associativity Indicates the 
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type data then the resull 
Iso an integer type data 


\VDU or can be from files 


data ang 


+ The most important of these output functions in C is the versatile printf( 
printf( ) can also format the way the dat 


but a format specifier must be included for 
in the same order as their specifiers, 


jing ‘field width specifiers’ 
9lf for double, old for long etc, 
idth of the data (including the decimal point for | 

| 
g the text, the printf( ) function can also 


‘ecial codes called Escape Sequences, Each 
cter that follows as an escape sequence 


ich can be used to input all types of data from the 


address operator ‘&’ before the variable 


points to 


version characters and the variable names are 


on the monitor, The parameter of the putchar( ) function 


used to 
matted 


scanf( ), 


re is the 


) function to input any type of unformatted text/string into a 


ion or a value from the right of the | 


perator. 


lower precedence in an expression, When 


direction 


Jue of the expression is 


sign 
numbers 


arithmetic, assignment, 


tor to the 
tisa 
the same 


process 


pe of the | 


ay 


| waiments 
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the explicit form of data type conversion, the Conversion is made a part of the code written. It 
force’ | 


. an expression to be of a given data type, The Process is known as Type Casting 


| a multiple Choice Questions. Select from any one of the four options. leach 
) i) The first argument of the printf() function is called the: 
“a, argument list b. data list ¢. control string d. argument string 
ji) The format specifiers function as for displaying data in printf() function: 
a, placeholders: b. literals ¢. variables d. constants 
ji) The format specifier for a long signed integer in C is: 
a. Yl. b. %ld c. %ld d. %lF 
iv) _ The format specifier for a long double type data in C is: 
a. %D b. %ld Cc. Vf d. %LF 
v) Which of the following format specifiers does not represent a real type data in C? 
a. %Q b. %e c. %d d. %f 
vi) There can be how many control strings in a given printf() function call? 
a.3 b. many a2 di 
vii) Which input function in C can be used to input all types of data? 
a. getchar() b. scanf() ¢. gets() d. getch() 
viii) Format specifiers used in the scanf() function are also called: 
a. control characters b. display characters _c. conversion characters d. data characters 
ix) Which of the following is not a white space character in C? 
a. enter b. blank c. tab d, comma 
x) Which function is used to clear the input buffer in C? 
a. clrscr() b, fflush() c. cls() d. empty() 
xi) What is the argument of the fflush function to clear the input buffer in C? 
a. stdin b. stdout c. stdio d. stdlib 
xi) For %9.3f, how many places are reserved for the integer part and how many for the decimal part? 
a.5,4 b. 6,3 c. 5,3) d. 9,3 
xii) | What output will be shown by the code: printf(‘**%8.5s”, “cricket); 
a** cri b.* cic c.**  crick d. ** cricket 
xiv) Which escape sequence represents the back space character in C? 
a. \n b. \r c. \s d. \b 
xv) Which of the following is not an escape sequence in C? 
a. \r b. \d c\\ d.\" 
xvi) Which escape sequence can move the cursor to the beginning of the same line? 
a. \L b. \b eM d. \n 
Xvi) Which function can only display a single character value on the screen? 
a. putchar() b. putcharacter() cc. putch() d. puts() 
*\) Which function can be used only to display a text string on the screen? 
a. putch() b. putcharacter() cc. puts() d. putchar() 
x4) Which function can be used to input an unformatted character data in C? 
a. scanf() b. printf() c. gets() d. getchar() 
¥4) — Which function can be used to input an unformatted string data in C? 
4, gets() b. getchar() c. scanf() d. printf() 
%) If a=34, b=9, then a%b will be equal to__: 
a9 b.3 c7 d.4 
™\\) The process of converting a given data type to some other type is called: 
a. type checking b. type converting c. type defining d. type casting 
*%\\) Which of the following calculations will not produce the exact result of the division? 
4. 7.0/4 b. 7/4 c. 7/4.0 d. 7.0/4.0 
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Q2. Short Answer type questions: leach 
i) Name any two functions used in C for unformatted data output. 
ii) Name any two functions used in C for unformatted data input. 
ii) State one use of a format specifier. 
iv) Write any two escape sequences that are white space characters also. 
v) What are the format specifiers used for a long double type and a string type data? 

vi) Name the two types of divisions possible in C. 

vii) What is the meaning of the term ‘associativity’ with respect to arithmetic operators in C? 

viii) Write the operators +, /, *, - in order of precedence in C. 

ix) What is typecasting? 
x) State one use of the getchar() function in C. 
xi) What is the meaning of the format specifier %-10d? 

xii) What is the difference between the / and the % arithmetic operators in C? 

Q3. Long Answer type questions: 7 each 
i) Explain the working of the printf() function with respect to its arguments, What is the difference 
between the printf() and puts() functions? What is the use of fflush() function? Name the format 
specifier for a unsigned int type data. 24+2+241 
ii) What do you mean byt operator precedence and associativity in C? What are escape sequences? 
Name any two escape sequences and mention their uses. What is type casting? 24+2+241 
iil) Explain the difference between integer and floating point division in C with the help of proper 
examples. What do you mean by white space characters? Name one operator with right to left 
associativity in C. 44241 
Q¢. Assignment Programs: 4each 
i) Write a C program to convert a temperature value input in Fahrenheit to Celsius scale using the 
relation C = 5(F-32)/9 
ii) | Write a C program to find the area of a square when the user inputs the length of the diagonal. 
iii) Input s (distance), u (initial velocity), t (time) and find the acceleration given by: f = 2(s —u t)/t* 
iv) Input the base radius and height of a solid cone and find its total surface area and volume. 
v) _ Input the radius r of a circle which is perfectly inscribed inside a square as shown {iy 
in the adjacent figure, Find the area of the dark shaded portion of the square. V 
vi) You have 100gm, 50gm, 209m, 10gm, 5 gm, 2am, and 19m weights available 
with you. Input a given weight in grams and find out the number and type of 4 
each weight that are required to balance the weight in a common balance. (Hint: “ | 
Try using integer division and remainder operator] 

v\) Write @ C program to find the cost of white washing a room. The user inputs the length, breadth 
and height of the room and the cost per unit area of whitewashing, 

vi) Write @ C program that inputs four digits and converts them into a single decimal integer. (i.e. if 
the digits input are say 2,8,4 & 9 then the program will give a single number output as 2849. DO 
fot write the 4 digits side by side. Try to use the minimum of variables to do this.] 

7) The astronomical unit is defined as the average distance from Earth to Sun, the value of which is 
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149,597,870 ksn, Write a C program that converts the distance in light years input by the user t0 
Gistance in astronomical units. Test the program with 4.2 light years, the distance of our nearest 
32s, Take the variables as of type double. The speed of light is 300,000 km/sec. 


virte a C program to display the Octal and Hexadecimal equivalent of a Decimal number. [Hints 
Ue the format specifiers for Octal and Hexadecimal numbers]. 


vinte a © program to interchange the contents of two variables a & b without using 4 third 
vevatie [Hint Input the given numbers a &b: assigna+btoaie.aca+b 


assign a—btoble.b<« a—-b 
assigna—btoaie.a<«a-b] 


Rudiments of Computer Science 


Introduction 40-1 
The Relational Operators 10-1 
The if-else statement 10:2 
+ The Logical Operators (AND, OR, NOT) 10-10 
« The Conditional Operator ( ?: ) 10-16 
» The switch-case-default structure 10-19 
* Some worked out examples 10-22 
lonekomin as) ere 7 aaa i 
Il the programs that we did so far ran in a linear manner i.e. all the 
lines written in the program were executed when the program was Start 
tun. However, there may be cases where depending upon one or 
more conditions, some parts of the code may get executed and some 4 
parts may not. Accordingly there can be more than one output. Conditi False 
In a program whenever there are more than one possible outputs ay ah 
depending upon some condition(s) for a particular set of input(s), the 
situation is called program branching. The program control branches to | True 
different segments executing different sets of codes for each possible % 
situation as shown by the flowchart. Prooess{ peeosese 
Depending upon whether the condition is True (Yes) or False (No) the | 
program branches to process1 or process2. Thus when the condition 
is tue processi gets executed and the code for process2 is not 
executed. Similarly when the condition is false, process2 gets executed Stop | 


and the code for process1 is not executed. More than one branching is 


also possible. Such a situation where branching takes place is handled by C using different constructs like if, 
if-else, conditional operator (? :), and switch-case. Each of these is discussed in the following sections. 


To test or verify the conditions based on which branching takes place, C provides us with some special 
operators along with the conventional ones as given below. These special operators called relational 


x = 
Operator Function es 
tae Than ~The expression evaluates to True or 1 if x is less than y else it evaluates to False or 0. 
Thus for x=3 and y=5, x<y evaluates to True or 1, while for x=5 andy=4,x<y 
© evaluates to False or 0. ee | 
lessThan | x<=y | The expression evaluates to True or 1 if x is less than or equal to y else it evaluates to | 
or Equal False or 0, Thus forx=3 and y=5, x<=y evaluates to True or 1. Also for x=5 and| 
<= y=5,x<=y evaluates to True or 1. 
Greater Than| *>Y | The expression evaluates to True or 1 if x is greater than y else it evaluates to False or | 
" 0. Thus for x=5 and y=3, x>y evaluates to True or 1, while for x=4 and y=5, 
= z x>y evaluates to False or 0. _ _ a: 
Greater Than | x>=y |The expression evaluates to True or 1 if x is greater than or equal to y else it 
or Equal evaluates to False or 0. Thus forx=5 and y=3,x>=y evaluates to True or 1. Also for 
>= x=5 and y=5,x>=y evaluates to True or 1, 
ml | | The expression evaluates to True or 2 if x and y have the same value. Do not confuse 
this with the assignment operator (=), where x=y implies the value of y is assigned to x. 
Equality Thus if x=3 and y=5 then x==y Is False or 0 since x and y are not equal, while x=y 
=a | results in x been assigned the value of y i.e. 5 and x becomes equal to 5. On the other 
hand after the operation x==y, x and y retain their old values of 3 and 5 respectively. 
Not Equal x!=y | The expression evaluates to True or 1 if x and y do not have the same value, Thus for x=3 
f= and y=5, x!=y evaluates to True or 1, while for x=4 and y=4, x!=y evaluates to False or 
0. 
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In C, the i£ statement is used to take a decision. The if statement tells the compiler that the instructions to 
follow are based on a decision. The general structure of the if-else contro} statement is given below: 


we I€ (condition_is_true) 7 No semicolon after the condition 
{ execute_statement_setl; 


\( the condition within the braces is then 
f execute the set of statements within these curly 
? braces {}, also called the /f block statements 
else 
{ execute_statement_set2; lec if the condition is =a/sc then execute the 
4 set of statements within these curly braces { }, 
) also called the e/se block statements 


= The condition to check is placed inside braces after the i£ keyword. If the condition is True then the block of 
The iF block and statement seti within curly braces under if gets executed. Else, if the condition is False then the block of 
else block statement set2 within curly braces under else gets executed. Statement sets 1 & 2 can consist of one or 
statements should more statements as per program requirement. Please note that there is no semicolon (;) after the braces 
& = enclosing the condition. The semicolon comes after the first statement to execute if the condition is True. 


The program given below inputs the total purchase amount of a customer and calculates the net amount 
payable after offering different discount values depending upon the total amount. 


/*program-17: Program to calculate different discounts using if-else*/ 


2 #include<stdio-h> 
3 int main() 
4 {float amount, total; 
‘ 5  print£("\nEnter the total purchase amount (Rs.): “); 
5 scant (“8£”, gamount); 
7 4£( amount < 3000.0 ) 
8 {total = 0.9*amount; 
g print£("\nl0 percent discount is provided”); 
10 } 
il else 
2 {total = 0.8*amount; 
13 print£("\n20 percent discount is provided”) ; 
14 } 


i§  printf£("\nThe net amount payable = Rs. %0.2£”, total); 
i6 return 0; 
73 


Output1: 
Eoter the total purchase amount (Rs.): 1500 
20 percent discount is provided i 
The net amount payable = Rs. 1350.00 i 


Output2: 
Enter the total purchase amount (Rs.): 4625 j 
20 percent discount is provided 
The net amount payable = Rs. 4162.50 i 


bepenaing upon the amount, if the amount Is less than Rs . 3000/- then the condition in line-7 gets true and 
210% discount is calculated in line-8. The discount offerred Is then printed in line-9, If the Suchses value is 
mney tea jor equal to Rs. 3000/- then the condition in line-7 becomes false and the else statement gets 
eKES 0) \ine-11. In that case the discount provided is 20% and the discount offerred is printed in line-13- 


ses prceara ammount to pay is printed in line-15 outside the if-else block. Note that if the condition is 
ve, then the af block statements get executed from line-8 to 10 and then the program control goes directly 


{6 bine 15 to print the discounted amount. 
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a? ie several variations of the above construct. The variations are discussed below. 
fe 
ne P 
io ut oo ‘ 
ih jw eno statements to execute if the condition is False, then the else statement is 
e statements inside the curly braces under if get executed in case the condition is true. 
es to the line immediately after the end of the curly braces of the i block. 


F Program control goes to this point skipping 
yt (conte atatement set: the statement set If the condition is NOT true 
j exec! 


) 


below inputs a number and prints the absolute value of the number. 
ram 
ane prod 


ja: Use of only if statement+/ 


ram 
prprod 5M 


gincruaesstae 
jne main () 
fe Um ” on 
(ese (*\nENCEZ any integer: "); 


Rane ("ee") S08) 7 


if(num < 0) : 
MN mum = sramt (1) 7) f 
‘\nThe absolute value is %£”, num); 


printé( 
return 0; 


output: 
gnter any integer: -79.5 
the absolute value is 79.5 


Output2; 
Enter any integer: 45.4 
The absolute value is 45.4 


tnline-7 the condition (num < 0) that checks if the input number num is negative or not, is placed within 
yaces after the if keyword. If the condition is True (for a negative number), the statement in line-8 is 
aecuted. In that case in line-8 the value num is multiplied by (-1) to make it positive and again stored back in 
saz. On the other hand if the condition is False (for a positive number) then there is no need to change the 
gn of the number and the statement in line-8 will not get executed. In that case the value stored in num will 
main same, The final result showing the absolute value of the entered number is printed in line-9. 


3ore we proceed further, let us clearly understand the meaning of the statement num=num* (-1) in line-8. 


‘Soarently this may seem to be an absurd statement. VariableName Memory Address 
“owever in a programming language the process is a 
“npetely valid one, The memory diagram on the right 
“Svates the meaning of the above statement. 


i in the first output, when the value -79.5 is 
ma line-6, it gets stored in the memory location 
2 ? éllocated for the variable num as shown in the 
eenpe line-8 when the program encounters the 
ae 4, tm=num* (~1), it fetches from memory the 
oy ores in the variable num, to perform the 


20", on the right side of the assignment operator. 
% 


Ny wile -19..5 is then multiplied with (-1) in the 
5464 in rt ao the CPU and the result is temporarlly 
he cuit eo register called Accumulator. From 
Mesteory 4 the result is then assigned back to the 


“ation for num (remember that the calculated 


f 


a 


You can have an | 
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result at the right side of the assignment operator is assigned to the variable at the left 

assignment operator). Side of 
The new value 79.5 from the Accumulator will now overwrite the old value in num i.e, ~ 


79, 
ry after the execution of the statement will be 79.5. 5. $0 thy be 
| Output1 shows what happens when someone enters a negative number like -79.5. The Progr, 

prints The absolute value is 79.5, In Output2 we find that when 45.4 is entereg ‘ as Uy 
| num<0 Is not satisfled and the number Is not multiplied by (-1). Finally the program prints the oa Andy, 
Ne ya, 


| as usual as The absolute . 


content of the memot 


value is 45.4. 


Single statement to execute if condition is True or False: 
Single statement If there is only one statement to execute In case the if condition is True (or False), the cu 
execution | enclosing the if block or the else block are optional. The statement to execute can be put a bey 
without the curly braces. Desi te 


| condition or In the next line, 

| This Is because in case the condition Is true, then the statement immediate to the condition 

executed by default. Only to execute multiple statements in the if or else block we put aie ne 
Mside 


pair of curly braces. 

a | Curly braces { } not required in case we p, 
| If (condition is true) a single statement to execute when the .\” 
condition is true 'e case 


Poorer execute_single_statement_by default; 
Statement as 

or else need not 
be enclosed within 
{ } braces 


prints if it is even or odd. 
dd number with single statement under if and 9), 
8 4) 


| 
| The program below inputs a number and 


| 7 /*program-19; To check if even or o 
| 2. #inelude<stdio.h> 


3 int main() 
| 4# {int num; 
| 5 print£(*\nEnter any integer: "); 
| 6 scant (ed”, rum) ; 

7  if( nume2 == 0 ) /*condition checks if number is divisible by zs 
8 printf ("\nNunber is even”); | /*If divisible remainder ie 0 and condition is tr 

cd else 
| 10 printf ("\nNumber is odd”) ; /*I£ not divisible then condition is Falset/ 

11 return 0; 
| 12) 
| Output1: 

Enter any integer: 6 
| 


Number is even 
| In the above program, line-7 checks if the input number num is divisible by 2 or not. If divisibe, te 
remainder of division given by num%2 will be 0 (zero) and the condition will be True when cong 
using the equality operator. In that case the program statement in line-8 prints “Number is even’, 
1, and the condition will be Fase? 
“Number is odd”. 


If the number is odd, then the remainder of the division in line-7 will be 
d else statement wi! 


| that case the program statement in line-10 after the else keyword prints 


| The above example shows how a single statement is written after the if an 


use of the curly braces {). 
example of a proven” 


| The next program checks if a number is negative, positive or zero. Tt is an 
| only 4 statements and single statements to execute if the condition is true. 


1 /*Program-20: Use of multiple single if statements*/ 
2 #include<stdio,h> 

3 Ant main() 

4° {int num; 

5 printf("\nEnter any integer: ”); 

6 seant("4d", énum) ; 
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pul jn 
(namo) printé (“\nNumber is negative”) ; 
7 se ounee 0) print£(°\nNumber is zero”) ; 
i 
8 


se (aisn>0) print£("\nNumber is positive”) ; 
i 
coturn OF 


me line as if*/ 


line as if*/ 


ame line as if*/ 

9 

40 

ys } 

outputd oy integer: 50 
a per is positive 
ut2: 

alee, any integer: -20 
Number is negative 
tput3: 

cae any integer: 0 
Number is zero 


the above program, there are three if statements without any else statement. Each 
jg statement checks a particular condition and if it is found true, then the corresponding single print£ () 
giatement gets executed, Note that as there is a single statement to execute, hence we have not enclosed 
them within curly braces. 


Line-7 checks if the number is less than ‘0’ by the condition num<0. If it is found true then the following 
sinté() statement prints “Number is negative”. Line-8 checks if the number is zero by using the 
condition num==0. If it is found true then the following print£() statement prints ‘Number is zero”. 


Finally in case the number is positive, then the if statement in line-9 gets true and the corresponding 
printé () function prints “Number is positive”. 


Note that though there are 3 if statements, but only any one of them finally gets executed depending 
upon which condition is True. One more thing to note is the use of the equality operator (==) in line-8. It is 
used to compare the value stored in the variable num with the value ‘0’. In case these are same, then 
only the condition gets true. 


« Nesting of /-e/se statements: 
Sometimes you may be required to put an if-else statement within the if-block or e1se-block of another 
if-else statement. Such a process is known as nesting of if-else statements. To show how nesting 
works, we have written a modified version of Program-20 below. 

/*Program-21: Use of nested if-else statement*/ 

Hinclude<stdio.h> 

int main() 

{int num; 


1 
2 
wi 
4 
5 print£("\nEnter any integer: “); 
6  scanf("%d”, snum) ; 

Zi 

8 

9 


if (num<0) /*outer if statement*/ 

printé("\nNumber is negative”) ; 

else /*Outer else statement*/ 

10 {  i£(num>0) /*Inner if statement within outer else*/ 
i print£("\nNumber is positive”); 
2 else /*Inner else statement within outer else*/ 
13 printf (“\nNumber is zero”); 
4 } 
15 return (0) ; 
16 4 
Output: 


Enter any integer: 32 
x is positive 


269 P1-10-5 


a 


Nesting of if-els 
statements 


» 


An if-else 


| statement can 


put inside 
another if or e 
block. 


ate 


Part 1; Chapter 10 


the e1se block from line-10 we p, 
ave 


e block. Within hor 1 
er is known a: ‘e 
1S Nesting. Places 


else block within ano 
else statement in line-9 gets execut 
else statement in line-9. Hence these are nit: Whe 
ly braces indicate that in case the i£ conditig thin” 
rom line-10 to lIne-13 should be execute Fag 


In this program we have used one main if-els: 
another if-else block. This placing of one if- 


In case the condition num<0 in line-7 is not satisfied then the 


Statements from line-10 to line-14 are under the outer 
pair of curly braces between line-10 and 14, These curl 


then as part of the e1se block in line-9, all the statements ft 
ber is negative. If so, it prints the same in line-g, j¢ 


The first i£ statement in line-7 checks if the num . tive, then it Not 
else statement of line-9 Is executed. (Note that If a number Is not negative, then it can be either post ‘i 
zero, and this is then tested within the outer else). "ey 


Within the e1se statement in line-10 It Is first checked if num 
in line-11 prints Number is positive. In case the condition is fal 
executed and the print£() in line-13 prints Number is zero as 
number is neither negative nor positive. 


lights the scope o! 
the outer dotted I 


um>0. In case the condition is true the pes 
se, the else statement in linet) 


this is the only option left j 2 get, 
left in Case th 


e blocks, The else in line-9 goes With 


f the two if-els: 
in line-12 goes with the i£ in line-1o, 


Line-7 to 14 shown below hig! 
ine and the else 


if in line-7 as indicated by 
_«— Outer if-else block 


7 if (num<0) 


| ¢ printé (*\nNumber is negative”) / 


Inner if-else block within the outer else block 


9 else 
10 { if (num0) 
it printé ("\nNumber is positive”) 
42 else 
re) printf (*\nNumber is zero”); 
14 ) 
indented to the right while writing the program, 


Note how the lines under the if and else keywords are ii 
Though this is not essential but it makes reading and debugging the program much easier, Hence 


always try to follow this style while writing your own programs. 
be executed within one conditional block and the 


The above example shows us how multiple statements can 
concept of nesting one block of code within another. The next program shows nesting used in both the 


4 and the else blocks. 
or odd. In case the number is even, it checks if it ends with 


The following program checks if a number is even 
it checks if the number ends with 7 or not. 


6 or not. On the other hand, if the number is odd, 


1 /*Program-22: Use of nested if-else statement*/ 


2 #include<stdio.h> 

3 int main() 

4 {int num; 

5  printé("\nEnter any integer: “); 

6  scanf(*td”, Gnum) ; 

7 if (num$2=0) /souter if statement*/ 

& { if (numt10=6) /*Inner if statement within outer 

g print£("\nNumber is even and ends with 6”); 

10 else /*Inner else statement within outer + 
a printf ("\nNumber is even, but does not end with 6”); 

1 

'Z else /*Outer else statement*/ 

14 (| if (num?10==7) /*innex statement 1s 
15 printf ("\nNumber is odd and ends with 7") ; 

a ae . ; /stnnet alse statemant within outer e418 
Ee ; print£(°\nNumber is odd, but does not end with 7”); 

19 return 0; 

20) 
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uth: 
ae any integer: 56 
2 [yunber is even and ends with 6 


utput2s 
Wignter any integer: 39 
~ |yumber is odd, but does not end with 7 


\jne-7 and line-13 represent the outer if-else block. The outer if checks if the number is even. If so, the 
d£ block statements from line-8 to line-12 get executed, Within this block, the inner i£ statement in line-8 
checks if the number ends with 6 by using the remainder of dividing the number by 10 (e.g. 56% 10 is equal 
{0 6). If so, it prints the required message. If not so, then it executes the else statement of line-10 and 
prints the required message in line-11. 


ifthe number is odd, then the condition in the outer i£ block is false, and the outer else statement in line- 
13 gets executed. Within this block, the inner if statement in line-14 checks if the number ends with 7 by 
using the remainder of dividing the number by 10 (e.g. 27% 10 is equal to 7). If so, it prints the required 
message. If not so, then it executes the inner e1se statement of line-16 and prints the required Message in 
line-17. 


« The /f-e/se ladder: 


Certain situations may require multiple nesting i.e. putting several blocks of if-else one within the other. 
The program inputs the number of sides for a given closed shape and depending upon the number input, 
prints the name of the probable shape, 


/*Program-23: Use of multiple if-else nesting*/ 
finclude<stdio.h> 


1 
2 
J int main() 

4 {int side; 

5 printf("\nEnter the number of sides: ”); 
6  seanf("¢d”, &side) ; 

7 if(side=1) 

8 Printf("\nFigure can be a circle”) ; 
9 else 
10 { if(side==2) 
L 


i printf("\nFigure with 2 sides”) ; 

2 else 

B { if(side==3) 

14 print£("\nFigure can be a triangle”); 

5 else 

46 { if (side==4) 

v7 printf ("\nFigure can be a quadrilateral”) ; 
6 else 

9 { if (side==5) 

20 printf ("\nFigure can be a pentagon”) ; 
4 else 

2 { if (side==6) 

3 print£("\nFigure can be a hexagon”) ; 
ae else 

a print£("\nFigure with sides more than 6”); 
ee ) 

77 . 

ci 

29 ) , 

0 } 

return 0; 

Ry 
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In the above program we have placed an if-else block within each ene Boos ocenting the last) to 

multiple nesting. If the first condition is True, then it prints the rales ee Rae if False, the gop St 

enters the else block in line-10. Within this else block, it checks the second condition in line-19, If etl 
| prints the statement in line-11. If this is also False, then the control enters the else block of line-13, e, it 


i in thi il lition is checked for number of sides 
The process continues in this manner till the last condition ides equal to 6 i, , 
22, ees it prints the statement in line-23. Else the program stops any further checking and prints the line. 
message “Figure with sides more than 6", when all the other conditions become False. Fina, 


~ The else blocks are marked by dotted lines in the program listing. Each dotted line points to the pening is 
An closing braces of a given else block. 
represents Depending upon which condition is True, only one of the printf () statements will get executed alway 
apse peace a condition becomes True, the program stops checking any further conditions and after Ys. T 


7 &xecut) 
false statements the statement under the True condition, comes out of the nested if-else structure to line-31, €Cting 


Note the following points in the above program: 
« Only a single statement is executed when any condition becomes True under an if statement 


« No if block has a nested if-e1se block within it 
* Only an else block has nested i£-e1se block within it (except the last or innermost e1se) 


Under such a situation you can do away with all the curly braces and indentations and write a much simpler 
version of the above program in a style called the if-else ladder, as shown below. 


I /*Program-23a: Use of if-else ladder structure*/ 
2 #include<stdio.h> 

3 aint main() 

4 {int side; 

5  printf(“\nEnter the number of sides: “); 

6 

7 

é 

9 

1 


scanf("td", &side) ; 
if (side=1) 

printf("\nFigure can be a circle”); 
else if(side=2) 


0 printf("\nFigure with 2 sides”) ; 

Ji else if(side=3) 

12 printf (“\nFigure can be a triangle”) ; 

1? else if(side==4) 

14 printf ("\nFigure can be a quadrilateral”) ; 
15 else if(side==5) 

16 print£("\nFigure can be a pentagon”) ; 

17 else if (side==6) 

18 printf ("\nFigure can be a hexagon”) ; 

I9 else 

20 Printf("\nFigure with sides more than 6”) ; 
21 return 0; 

22) 

Output: 


Enter the number of sides: 4 


Figure can be a quadrilateral 


Since each if statement has are not 


me line 
the 


to execute a single statement in case it is true, the curly braces {) 
itements. Moreover the next i£ after an else option is written in the sa 


as the else. The structure |s call i 
rungs of a ladder. ed a ladder as the shape of the program from line-7 to 20 looks 


A). 
A ‘using rolotional operators: 


Wie have set 


required for the printé() stat 


i 
jon ithe! 
© used to check conditions in an i€ statement. Each condilet "4 


autor SS i 
Natically assigns the numeric value ‘1’ for a True condition aM 
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dition. 1 general any expression which evaluates to a non-zero positive or negative value 
ane 3,92, -210, -8.3 etc.) is taken as True or 1 and only a zero value is taken as False or 0. 
eg. 


efor two values a=6 and b=9 the if conditions in the following examples will evaluate to: ay 
enc 


H 

‘ate = Condition is true or equals to 1 as a=6= (non-zero positive) =True=1 Conditions without 
i = Condition is true or equals to 1 as -a=-6= (non-zero negative) =True=1 relational 
vit (ra) operators 

360) = Condition is true as the constant value 1 is taken as True a 
‘ 

= dition Is false as the constant value 0 j 

v3 (0) = Con a lue 0 is taken as False | Any EEE 
vif (b-a) = Condition is true or equals to 1 as (b-a)=(3)=(non-zero positive) =True=1 | value is in ral 

if(-(b-a)) > Condition Is true or equals to 1 as (~ (b-a))=(-3)=(non-zero negative) =True=1 taken as a 
vil io | ic and only 
vif(a*3-b¥2) > Condition is false or equals to 0 as (a*3-b*2)=(18-18) =(zero) =False=0 ee taken as 
‘he following program, that uses an if-else ladder structure, evaluates multiple conditions without using j logic in C 


relational operators. It inputs a number (up to 4 digits) and prints the number of digits present in it. 


| /*program-24: Use of conditions without relational operators*/ | ® 

2 include<stdio.h> f 

J) int main() | You WD ondition 
4 (int num; | logical 2%, 

5 print£("\nEnter an integer value (<5 digits): ”); without using 
6 scanf(“8d", num) ; sl 

7 i€(num/1000) 

8 print€("\nA 4 digit number”) ; 

9 else if(num/100) 

10 printf("\nA 3 digit number") ; | 

41 else if (mum/10) 

Q printf£(“\nA 2 digit number”) ; 

UB else 

4 print€("\nA 1 digit number”) ; 

5 return 0; 

Ca) 

Output: 


Enter an integer value (<5 digits): 34 
A2 digit number 


Let us now discuss the logic we have used to count the number of digits, We have taken the input number 
num as an integer. Thus: 


* Ifmum = 2456; 2456/1000 (integer division) evaluates to 2 which is a non-zero number and 


(4 digits) taken as True. Thus line-7 becomes true and prints "A 4 digit number” 
% oa =169: 1169/1000 evaluates to 0 (integer division) in line-7, and is taken as false. So 
3 digits) 


the else statement in line-9 gets executed. Here 169/100 evaluates to 1, which is a | 
non-zero number and taken as érue and line-10 prints"A 3 digit number” | 
* num = 34: | 


@ 34/1000 evaluates to 0 (integer division) in line-7, and is taken as false so the 
digits) 


@1se statement in line-9 gets executed. Here 34/100 also equals to 0 and is taken as 
false so control passes to the e1se in line-11. Here 34/10 evaluates to 3 which is 
non-zero and taken as free. Thus line-12 prints“A 2 digit number” 

* Wnum = 5; 


faa 5/1000 evaluates to 0 (integer division) in line-7, and is taken as false so the 
ligit) 


@1ze statement in line-9 gets executed. Here 5/100 also equals to 0 and is taken as 
false so control passes to the else in line-11, Here 5/10 again equals to 0 which is 
again taken as false so the control passes to the else in line-13, Here the only 
option left is a single digit number. Hence without any further checking, the 
printf () in line-14 prints"A 1 digit number” : 
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| Thus in program-24, the values of the expressions evaluated within the conditions are sufficient 
any decision and it is redundant to write for example (num/100>0). In the first case num/1000 be 
| to 2, which is a non-zero value and hence is treated as true. The condition being satisfied (i.e Valuates 
if part is executed, the else part is neglected and the program will print “A 4 digit number” pa) the 
arly 


| a re 
for the other conditions, each condition evaluates to a non-zero value or zero. In case of non-zero va| 
taken as True and in case of a zero value it is taken as False. Ue itis 


J 


19> | 
When more than one condition needs to be tested (as in program-22) to arrive at a decision, th 
nested if-else statements can be used as we have seen earlier. However instead of using multiple levels of 


if-else, which can be at times much confusing and lengthy and giving rise to errors, one can take help of 
h three logical operators, which do the same logical functions e 


the Logical Operators. C provides us wit! 

C as with Boolean functions. Of these, the AND and OR operators are used to join two or mo, 
conditions. These are the following: ne 
: The logical NOT operator, it simply inverts the logic i.e. !True = False and !False = True 


* r ! 
Logical NOTEC ME LEa 
nuerts a given 5 | && : The logical AND operator, here the logic is True only if all the joined conditions are True 
logic = I |: The logical OR operator, here the logic is True if any one of the joined conditions is True 
Of these operators, the unary operator Sy? a av 
i.e. NOT has the highest priority followed Condition-1 | Condition-2 | Logical OR | Logical AND 
by AND, then by OR. This order helps one to False False False False 
True rang one oF | Oe ee eerator present in an | Pee == uae Bales 
ae One expression. The table on the right shows the True False True False 
True True True True 


“tree _ __ result of joining multiple conditions using the 
AND and OR operators. 

~~" Let us first see the use of the logical OR operator | |. It can be typed by pressing the 

key on the keyboard twice (see 


EE) doi: Shift key and the key at the top right of the Enter 
ber entered is an Armstrong number or 


is 
figure). We write a program to test if a num! 
not. An Armstrong number is a three digit number where the sum of the cube of the 
digits of the number is equal to the number. There are 4 numbers that satisfy this 
True condition. These are 153, 370, 371, and 407 [153 = +5243, 371 = 37+7°+1%, etc.] 
First we write the program without using any logical operator and using an if-else ladder to check 
a with each value separately. 
pegical NOTES 1 /*Program-25: Checking multiple options without using logical OR operator*/ 
De highest 2  inelude<stdio.h> 
priority F int main() 
{int num; 
5  print£(°\nEnter a 3 digit integer value: ”); 
6 — scan£(“4d", Gnum); 
7 if (num==153) 
a printf ("\nArmstrong number”) ; 
2 else if (num==370) 


print£(°\nArmstrong number”) ; 


Ji else if (nume=371) 
print£(\nArmstrong number"); 


Ji else if (num==407) 


printf (°\nArmstrong number”) ; 


V5 elee 
printf (\atot an Acmatrong number”) ; 


JZ return 0; 
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outputt: 


Z. a 3 digit integer value: 542 


ot an Armstrong number 


Output: 
a ter a 3 digit integer value: 371 
armstrong number 


‘The same program can be written in a more compact manner using logical OR operator || as shown below: 


1 |/*Program-25a: Use of logical oR operator*/ 
2 include<stdio.h> 


3 int main() Use of Logical OR 
4 {int num; | operator 

5  printf("\nEnter a 3 digit integer value: ~); 

§  scanf(“td”, énum) ; 

7 i£(num—=153 || num—=370 || num=371 || num—=407) | & 

8 printf ("\nArmstrong number”) ; . 

9 else | Logical AND and 
10 print£(“\nNot an Armstrong number”) ; 

Ij return 0; 

2} 


Note how the logical OR operator (| |) is used to connect the four conditions in line-7. Being an OR operation, 
if any one of the conditions is True, then the overall condition is evaluated True. So if the input number in 


fine-6 is equal in value to any of the four numbers 153, 370, 371, or 407, then the condition in line-7 is True 
and prints “Armstrong number”, 


REMEMBER: If the output of an /f-else ladder logic is same for different conditions then it can be 
replaced by logical OR with each condition under if-else logic being connected by an OR operator 


Note that the statement shown below is incorrect in syntax. Each condition should be written separately and 
fully 2s shown in line-7 of the Program above. 


) ££( num=153 || 370 1] 371 11 407 ) /*Wrong syntax of logical || operator*/ 


Next let us see the use of the logical AND operator &&. We will check if a two digit number entered by 
the user is such that the number is divisible by 2, the square of the number is divisible by 3, and the cube of 
the number is divisible by 5. There are three two digit numbers 30, 60, and 90 that satisfy this condition, As 
before we will first write the Program without the use of logical AND operators. | 


1 /*Program-26: Checking multiple options together without using logical AND operator*/ 
2 include<stdio.h> 

3 int main() 

4 {int num; 

5 print£(“\nEnter a 2 digit integer value: “); 
6  scanf("td”, enum) ; 

7 

é 

9 


if (numt2 = 0) /*Condition checks if number is di 


{ i£((num*num)%3 = 0) /*Condition checks if square i > by 3+ 
(4£((num*num*num)%5 == 0) /*Condition checks if cube is divisible by 5*/ 
10 print£("\nNumber satisfies the required conditions”) ; 
aL else 
12 print£(“\nNumber does NOT satisfy the required conditions”) ; 
13 ) 
44 else 
5 print£("\nNumber does NOT satisfy the required conditions”) ; 
16 n 
7 eles 
48 printf ("\nNumber does NOT satisfy the required conditions”) ; 
19 return 0; 
04 
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Outputi: 

Enter a 2 digit integer value: 15 

Number does NOT satisfy the required conditions 
Output2: 

Enter a 2 digit integer value; 60 

Number satisfies the required conditions 


The same program is written in a more compact manner using the logical AND operator && as shown below 


1 /*Program-26a; Checking multiple options together using logical AND operator*/ 
2 inelude<stdio.h> 

3 int main() 

4 (int num; 

5  print£("\nEnter a 2 digit integer value: ”); 

6 — scanf("8d", &num) ; 

7 i€( num§2 == 0 && (num*num)%3 == 0 && (num*num*num) $5 == 0) 

8 printé("\nNumber satisfies the required conditions”) ; 

9 else 

10 print£("\nNumber does NOT satisfy the required conditions”) ; 
Ii return 0; 

$2 } 


Note how the logical AND operator (&&) is used to connect the three conditions in line-7. Being an AND 
operation, the overall condition is evaluated True only when all the conditions are individually True. So if the 
input number in line-6 is equal in value to any of the three numbers 30, 60, or 90, then all the conditions in 
line-7 become True and prints “Number satisfies the required conditions”. Also note that the 


statement that the number does not satisfy the conditions is written only once unlike the previous program 
where it had to be written at three places. 


REMEMBER: In case you have consecutive nested if statements all of which need to be satisfied 


- for a given situation, it can be replaced by logical AND operators, connecting those conditions. 


Also note that you can always write programs by the proper use of if-else nested structures and without 
using the logical operators. Logical operators make the coding compact in size and easy to understand. 


The following program tests whether an input number is a multiple of either 4 or 5 using logical OR. 
/*Program-27: Program to test multiple of 4 or 5 using logical oR*/ 
#include<stdio.h> 
int main() 

{int num; 

printf ("\nEnter the number to check: “); 

seanf("%d”, Gnum) ; 

if ((numt4==0) | | (numb5==0) 


printf(*\nNumber is either a multiple of 4 or 8"); 
else 


WAN AHAUWHH 


ra 
Ss 


Printf(*\nNumber is not a multiple of 4 or 5”); 
JJ return 0; 


Enter the number to check: 16 
Mumber is either a Multiple of 4 or § 


Retar the number to check: 30 
Mumber ie either @ multiple of 4 or 8 | 


Outputs: 


Koter the number to check: 20 
Mumber is either # multiple of 4 or 5 ; 
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output4: 
| enter the number to check; 63 


| mumber is not a multiple of 4 or 5 


Let us analyse the above program for the four different inputs as shown above. Remember that an OR 


ration is True if any one of the conditions involved is True. Consider line-7 i, iti 
sPetatement to understand the logic for each of the values. seeeaniinainecean 


eInput=16: ((16%4==0) | | (1685 


%)) > ((0==0) |} (1==0)) > ((True) or(False)) > True > 1 


eInput=30: ((30%4==0) || (3085==0)) > ((2==0)1)(0==0)) 


= ((False)or(True)) = True > 1 


eInput=20: ((20%4==0) || (20%5==0)) => ((O==0) 11 (0==0)) => ((True)or(True)) => True > 1 


«Input=63; ((63%4==0) || (6385==0)) => ((3==0)11(3==0)) => ((Fa: se)or(False)) = False = 0 


Therefore we find that in the first three cases either one of the conditions is True or both the conditions are 
True. Accordingly as per OR logic the overall condition is True and the Program prints “Number is 
either a multiple of 4 or 5”. However in the last case both the conditions joined by the OR 
operation are False. Hence the overall condition is False and the else statement is executed with the 
program printing “Number is not a multiple of 4 or 5”. 


The following program shows the use of the NOT or complement operator ! . As discussed before, it is used 

tp negate or complement a given logic i.e. makes a True logic False and a False logic True. The program 

inputs two numbers and checks if the first number is a multiple of the second number, 

i /*Program-28: Program to show use of logical NOT operator*/ ay 

2 #include<stdio.h> 

J ant main() Use of Logica 
Wise saat, pass NOT operator 
5 print£("\nEnter the larger number: )y 

6 scanf(“$d”, &num1) ; 

7 print£("\nEnter the smaller number: ”) ; 

8 scant ("td”, gnum2) ; 

9 if( '( numl % num2 ) ) 


10 print£("\ntd is a multiple of $d”, numl, num2); 

i else 

2 print£("\ntd is not a multiple of %d”, numl, num2) ; 
13 return 0; 

44 

Output1: 


ter the larger number: 16 
ter the smaller number: 4 
is a multiple of 4 


‘Enter the larger number: 27 
tex the smaller number: 5 
is not « multiple of 5 
In the above program if num1 is a multiple of num2 then num1%num2 (remainder of dividing num1 by num2) 
wil be 0. This condition is tested in the if statement of line-9. But if the relation was used alone, then in 
(2A mam \s 2 multiple of numz, then the remainder Is zero and the condition would have resulted in: 


4 (rami tnumz2) + if(0) -7 False > i.e. it would not execute the statement in line-10. 


4 way ost would be to Interchange the if-else print statements or use the equality condition 
$f (num tnumZ=<0). Instead we have used the NOT operator |.e. 1, to reverse the logical value, so that 
when the relanon is satisfied i.e. the remainder is 0, we get: 


‘t(! (mumitnumZ)) 7 if('(0)) + if('(Falee)) > if (True) 
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fo check whether a value is within a given range of values or not. The result of 


Bane is ne nfited based on the marks received by the student: The program is to print 
“Excellent” if the marks are equal or above 80%, “Good” if marks are from 60% to less than 80%, “Fair” ip 
marks are from 40% to less than 60% and “Poor” if the marks are below 40%The following program js first 
written without using logical operators. 
;  /*Program-29: Program to print remarks based on marks using if-else ladder*/ 
2 #include<stdio.h> 
3 int main() 

{int percent 
5 printf("\nEnter the percentage of marks in the subject: “he 
6 — scanf(“ad”, &percent) ; 
7 if ( percent>=80 ) 

printf ("\nExcellent”) ; 


9 else if( percent>=60 ) 

10 printf (*\nGood”) ; 

II else if( percent>=40 ) r 

12 printf (°\nFair") ; 

13 else 

14 print£("\nPoor”) ; ) 


15 return 0; 
16 } 
Now we write the same program using logical AND operators: 


/*Program-29a: Program to print remarks based on marks using AND operator*/ 


! 
2 #include<stdio.h> 
3 int main() 
4 {int percent ; 
5 printf£("\nEnter the percentage of marks in the subject: ”); 
6 — scanf("%d”, &percent) ; 
7 4£( percent>=80 ) 
printf ("\nExcellent”) ; 
if( (percent>=60) && (percent<80) ) /*c 
printf ("\nGood”) ; 
if( (percent>=40) && (percent<60) ) 
printf (\nFair”) ; 


J3  if( percent<40 ) 


I4 print£("\nPoor”) ; 
15 return 0; 

16 43 

Output: 


Enter the percentage of marks in the subject: 55 
Fair a 


ee Peres of the above Program with an input percentage of 55. This number falls within 
2 ‘ange 40 and 60 i.e. the pupil should get a Fair grade for this percentage. Let us write down how 


f e perators. Rememb: a fi 
only if all the conditions involved are True, er that the result of an AND operation Is rus 


+ First condition (line- 7) (55>=80) > False 
* Second condition (line-9): ((55>=60) && (55<80)) —> ((False)AND(True)) —> (0 AND 1) => 0 => False 
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Third condition (line10):((85>=40) 66 (55<60)) -> ((nrue) AND (Teue)) —> (1 AND i} Soave 
Fourth condition (line12): (55<40) — False 

. 


mixing different logical operators in a condition: ey 
‘s d 


so use a combination of different logical operators in a pr i i 
We eer np by the user is an alphabet or any other character, Program The: Toss enor hes ihe | Mixing different 
logical operators 
program uses the ASCII values of the alphabets to check the condition. Whatever character is typed i") 2 condition 
from the keyboard is stored in the computer memory as a number. The number is known as the ASCII 
(american Standard Code for Information Interchange) value of that character, 


Note that the upper case alphabets ‘a’ to ‘2’ have ASCII values from 65 to 90 |~ ——— 4 

andthe lower case alphabets 'a’ to's’ have ASCII values from 97 to 122 as |* $5 a> 3 | | | cach REE is 

displayed in the textbox on the right. 467 ous (66 internally 

‘Thus if the ASCII value of a character is greater than or equal to 65 and at the | D ~ 68 a 100 | | hahreee by a 

samme time less than or equal 90 then it is a capital alphabet OR if the ASCII | : | ve bac 
value of a character is greater than or equal to 97 and at the same time less than | Fee ee of the 
of equal to 122 then it is a small alphabet (note there is a gap of 6 numbers 91 ma B+ 122) | [oharacter: 


to 96 between the uppercase and lowercase alphabets). 
1 /*Program-30: Program to show the use of combined logical operators*/ | 
2 Hinelude<stdio.h> 

3 int main() 

4 {char letter; 

5 print£("\nEnter any character: “); 

6 | letter=getchar () ; 


7 | 3£( ( (letter>=65) && (letter<=90) ) || ( (letter>=97) && (letter<=122) ) ) 

8 print£("\nYou have entered an alphabet”) ; 

9} else | 
10| printf ("\nYou have entered a symbol or a digit”); 


iy xeturn 0; 
2) 


Output: 
Enter any character: d 
You have entered an alphabet 
Output2: 
Enter any character: 
‘Zou have entered a symbol or a digit 
The order in which the conditions are checked in line-7 for the input variable Letter containing the character 


‘a’ whose is f ; 
whose ASCII value is 100 is shown below: ___— First the innermost boxes 


i Then the middle boxes 

§f( ( (Letter>=65) 66 (letter<=90) ) || ( (letter>=97) && (letter<=122) V5 sd finaly the ovlertion 

is evaluated | 
S 4f( ( ('d’>=65) G6 ('d’<=90) ) |] ( ('d’>=97) G& ('d/<=122) ) ) | 
~  4£( ( (100>=65) && (100<=90) ) || ( (100>=97) && (100<=122) ) ) 
~ 48( ( (True) G& (False) ) || ( (True) && (True) ) ) 
> 4£f( (False) || (True) ) 
© if( True ) 
> fa) 
2 True i.e, the program prints “You have entered an alphabet” 


Note how a character is automatically converted to its ASCII value before it is compared. Moreover to 
xpress a value as a character it is enclosed within a pair of single quotes ' * as ‘a’ etc. The braces 
have been given to maintain proper priority (remember AND has higher Priority over OR). 

— 
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rs °s’ the conditions evaluate as (with letter = ‘8’ = ASCII 37): 
90) ) || ( (letter>=97) 8% (letter<=122) ) ) 
1g/<=122) ) ) 


Similarly, if someone enter 
if ( ( (letter>=65) 64 (letter<= 
AC ( (082865) 66 (1876090) ) 1] CCN I=97) E ( 
90) ) LL ( (372297) 66 (37<=122) ) ) 


i£( ( (372265) 66 (37<5! 
(False) && (True) ) ) 


if( ( (False) 66 (True) ) II ( 
if( (False) || (False) ) 

= if(False) 

| i£(0) 

False ie. the program prints 


REMEMBER: In an expression havin 
followed by Relational operators, follows 


‘you have entered a symbol or a digit” 


u 


ig all types of operators, the Arithmetic operators are evaluated fir 
jed by Logi cal operators. Thus: Arithmetic > Relational > Logica 


The working of the conditional opel 
limitations, It is a ternary operator as 
conditional operator is as follows: 

(expression1) ? (expression?) : (expression3) 


Execute expression3 | 


Ifexpression1 is TRUE | | Execute expression2 


_ Then ———~ Else — 


logic of the first expression i.e, expression1, if 


* + As can be seen from the above diagram, depending upon the I 
hand if it is False then expression3 will get 


Conditional it is True then expression2 will get executed. On the other 
executed, Note that each expression Is enclosed within braces. 
fan i€-else statement, however in the conditional operator each 


expression can hold only a single statement whereas each of the if and else blocks can hold multiple 
statements, Though multiple statements are not possible while using the conditional operator, but nesting of 


one conditional operator within another is possible. 
The following example illustrates the use of the conditional operator to find the greater of 
31: To find the greater of two numbers using conditional operator*/ 


Though the operation is similar to that of 


two numbers. 


/*Program-’ 
finclude<stdio.h> 

int main() 

{int a, b, max; 

print£("\nEnter numberl: "); 

scanf ("sd") 6a) ; 

printé("\nEnter number2: ”); 
scanf("4d”, 6b) ; 

max = (a>=b) ? (a) : (b); 

70 printf ("\nThe greater of the two numbers is $d”, max) ; 


WAV AHALNK 


ii return 0; 
2) 


Outputl: 
Enter number1: 16 


Enter number2: 5 
The greater of the two numbers is 16 


Output2: 
Enter numberl: 6 ty 


Enter number2; 15 
‘the greater of the two numbers is 15 
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3: 
tput i 
"4 ater numberi: 7 
gneer number2: 7 


sno greater of the two numbers ig 7 


pte above Se as and b are input in line-6 and 8 respectively, The greater amongst 
two nu Eatin hae ae palin ma This greater is calculated using the conditional 

onal operator in line-9 is executed for th 
ression1 is the condition a>=b, expression2 is equal to a and expression’ wee 


these 
ator. Le 
inputs. Here ex 


enumber1=16, Number2=5: (a>=b) ? (a): (b) = (16>=5) 2/16) :(5) => (True) ?(16) : (5) = 16 


Numbert=6, Number2=15: (a>=b)?(a):(b) = (6>=15) 2(6): (15) = (False)?(6):(15) => 15 


eNumber1=7, Number2=7:  (a>=b) ?(a) :(b) => (7>=7)2(7):(7) —> (True) 2(7):(7) => 7 
| 


jf a Is greater than b, then expression1 is satisfied and hence expression2 gets executed with the 
ram assigning 16 to max, for the input set. If b is greater than a, then the expression1 is not 
satisfied and hence expression3 gets executed with the Program assigning 15 to max, as with the input 


set2. Finally for the input set3, the condition in expression1 is satisfied and the program executes 
expression2 with the value 7 being assigned to max. 


To do the same job using an if-e1se block the program code would have looked like: 


1 if(a>=b) 

2 max = a; 
3 else 

4 max = b; 


The next program shows the use of the conditional operator in another way for doing the same thing as in | 
the previous problem. It displays the greater of two numbers. | 
1 /*Program-32: To display the greater of two numbers using conditional operator*/ 
2 #include<stdio.h> | 
3 int main() 
4 {int a, b; 
5 print£("\nEnter numberl: ”); 
6  scan£("8d", Ga); 
7 print£("\nEnter number2: ”) ; 
8  scan£("td”, &b) ; 
9 (a>=b) ?( print£("\ntd is greater”, a) ):( printf("\ntd is greater”, b) ); 
10 return 0; 
iy) 
Output1: 

| Enter numberl: 16 

| Enter number2: 5 

| 16 is greater 
Output2: 

| Enter mumberl: 6 

| Enter number2; 15 

| 15 is greater 
Here the conditional operator executes by itself based on the condition. The result of the conditional 
Operator is not assigned to any variable like max. But depending upon the condition, either expression2 
is executed when the program prints “16 is greater”, or expression3 gets executed when the program 
Prints “15 is greater” as shown in the first output. Note that we can use any valid C statement as 
xpression2 or expression3. In this case we have used the print£() function as the arguments. But 
always remember that you can use only a single statement. 
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ator i.e, to input the total purchase Value 


ffering different discount values depending fa 
uy 


am-17 using the conditional oper 
Ror, 


Let us now redo Progr: 
i the net amount payable after o| 


customer and calculates 


the amount. 
@ different discounts using conditional operators, 


{ /*Program-33: Program to calculate 


> finclude<stdio.h> 
3 ant main() 

4 (float amount, total; 
print (*\nEnter the to: 


tal purchase amount (Rs.): ")/ 


scanf("%£”, &amount) + 
2 (total=0. 9*amount) (total=0.8*amount) 7 


(amount<3000. 0) 
= Rs, %0.2£", total); 


. printf ("“\nThe net amount payable 
return 0; 


1 ) 

In the above program, depending upon the purchase value, the condition in line-7 is either True or False, 

case the condition i.e. amount<3000.0 is True then the total is calculated as 0.9*amount, else jf ae 

False then the total is calculated as 0,8*amount. As long as it is a single statement, calculations ¢ Ss 
the conditional operator. an 


also be done as part of the expressions in 
unt is compared with the value 3000.0 and not with the integer 


Also note that in line-7, the value in am 
value 3000. This is because, the variable amount that is compared has been declared as a floating point 
It it should be compared with a floating point value only. 


number in line-4. Hence to get the correct resul 
Hence the intege r value 3000 is converted to a floating point value by putting the decimal point and the 0 
Only a decimal point after 3000 as 3000. would have also done the job. 7 


The conditional operator can also be used in the left side of the assignment operator. The followi 
example shows how it can be done. 8 


/*Program-34: Conditional operator on the left side of assignment operator*/ 
#include<stdio.h> 

int main() 

{double amount, total; int a=0, b=0; 


a Ny 


cn 


& printf(“\nEnter purchase amount: “); 

6 — scanf("81£", amount) ; 

7 — (amount>=5000.0)?(a):(b) = 1; 

& total = amount - a*0.4*amount — b*0.2*amount; 

2  print£("\nTotal amount payable is %0.21£", total) ; 
iQ return 0; 

it} 

Output1: 


Enter purchase amount: 6540 

Total amount payable is 3924.00 
Output2: 

Enter purchase amount: 2460 

Total amount payable is 1968.00 


The above program calculates the di 
n @ discounted am i 
customer. Two variabl initialis ee ne : 
pera oe 2s ue b are initialised to zero in line-4. The allel ee Eile 
en eee . In case the amount is more than i 
es to a. The resultant statement is then similar to: or equal to 5000, the conditional operator 


a=1;/ ; 
value 1 then gets 
nN gets assigned to variable / 


Otherwise the conditional if alual T jar to: 
operator evaluates to b. The resultant statement in tha is I 
that case is simi a 


bel; /*The 
Depending upon the valueor aarane : o # assigned to variable b*/ 
subtracted from am 9B resulre ee” 8 40% di 
ount: In line-B and the result stored in wrnctekon ey nie 2 eee “a 
‘otal and printed in line-9. 
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, Pre suitch-osse default statement a SS 
from multiple branching, apart ae 
To oes nested if-else statements, C ( start ) 
fom Wg with another special type of a 
provides called the switch-case-default 
nei, The particular construct successively Input Case value 
en value of an expression or | 
variable against a list of integers or — 
character constants hen (2 mate Is Case1 >——»| Process-1 _» break 
found, the statements associated with that 
constant are executed. False | 
However switch-case Can only check for Case 2 True ery Sear el 
an equality and a case can have only : 
integer or character constants (floats are False | 
pot allowed), whereas if-else can check for ! 
any logical or relational expression and can ! 
incude a €1oat value. The flowchart is given + 


itch- True 
on the right and the syntax for the switch. Cisen TrOceaEn ER 
case construct is given below: + | 
switeh (integer_or_character_variable) Stop 
(case constant1: statements; 


——~| NO semicolon after switch 
case constantn: statements; ————————————— 


case constant2: statements; 


default: gtatenedisy ~~ | Each case constant followed by a colon : 


When a switch statement is run, the value contained in the integer or character variable after the switch 
keyword is matched with each of the constant values following the case keywords. As soon as the value 
matches with a case constant, the statements for that case on the right of the colon (:) get executed. 


However, once a matching is found with any one of the case constants, apart from the statements 
associated with that particular case constant, all the other statements associated with the subsequent 
cases along with the default statement also get executed. 

The break statement can be used after the statements associated with a given case constant to break 
out of switch-case from that point. It helps to execute only the statements associated with a given case 


Constant to execute, without executing any remaining statements after that, We will discuss the use of the 
break statement in detail in the next chapter dealing with iteration or loops. 


Ifno mateh is found, the statements following the default (which is optional) statement get executed. 


The following features of the switch-case-default structure should be noted: 
1, One can use only integer or character values for the case constants. Floating point variables are not 
allowed as a case constant 

One can have only equality of cases and we cannot have any other inequality operation (like>, < etc.) 
Each case constant is followed by a colon (:) 


There can be multiple statements following a case constant and these statements need not be enclosed 
within a pair of curly brackets { } 


The defauit statement is optional and can be placed anywhere within the switch block 


After entering the switch block each case constant Is matched with the switch variable. If a match 
is not found with a case constant, then the control skips to the next case constant 


As soon as the switch value matches with a case constant, the statements following that case, and 
all statements associated with the subsequent cases along with the default statement get executed 
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| 8. To execute only the statements following a particular case, a break statement is included after the 
statements following the case constant. Once a case is satisfied, the control simply falls through the 
| subsequent statements till it reaches a break statement 


| 9. A switch-case-default structure is generally used to write a menu driven program, where each 
| option of the menu corresponds to a case constant 


| The following program illustrates the use of switch-case-default by creating a simple calculator. 


te | /*program-35; Simple Calculator using switch-case*/ 
#include<stdio.h> 
int main() 


1 
re 
3 
4 { int option, check=1; float a, b, result; 
| printé("\nEnter first number: ”); 
\ 6 scan ("%£", 6a); 

6 print£(“\nEnter second number: ") + 

7 scanf(*8£", &b); 

9 print£("\nPress 1 to add, 2 to subtract, 3 to multiply, 4 to divide, 5 to exit: "); 


10 scanf(“$d", Soption) ; 
‘oat switch (option) 
12 {ease 1: result = atb; 
* | Is break; 
PMereaid 14 case 2: result = a-b; 
break; 
case 3: result = atb; 
break; 
case 4: if (b!=0) 
result = a/b; 
else 
(print£("\nDivision by 0 not allowed!”); 
check=0; 
) 
break; 
case 5: break; 
case statements default: print£("\nYou have not entered a valid choice!”) ; 
wal gut excited. check=0; 
2B ) 
2g 4£ (check = 1) printf("“\nThe required result = %£", result) ; 
30 return 0; 
a 
Output1: 


Enter first number: 2.5 
Enter second number: 0.5 


Press 1 to add, 2 to subtract, 3 to multiply, 4 to divide, 5 to exit: 2 
The required result = 2.000000 


Output2: 


Enter first number: 7 | 
Enter second number: 0 


Prese 1 to add, 2 to subtract, 3 to multiply, 4 to divide, 5 to exit: 4 
Division by 0 not allowed! 
Output3; 


Enter firet number: 7.9 
Enter second number; 3,6 


Preee 1 to add, 2 to subtract, 3 to multiply, 4 to divide + 
You have not entered # valid choice! a ARE ee ES 
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db are input in line-6 and 8, The ion is ii in li 
ables a an ; i option is input in line-10, Based on th i 
rT, the user, the switch-case block will execute certain Part of the code, es 


‘ utputl, the option chosen is 2. Hence the operation required is subtraction. The switching occurs 
on the value of the variable option, After entering the switch block in line-11, next in line-12 the 
s value 2 1S compared with the option value 2. As these do not match, the control goes straight to the 
pet cae statement in line-14, In line-14 the case value 2 is compared with the option value 2. As these 
es match, the control enters the case statements i.e. calculates the result for subtraction and breaks out 


pie witch block by executing the break statement in line-15. The diagram below illustrates the process. 
Case value 4 does not match with option=2__| | ey 

; ade cold adlel J | 
yj switch (option) _ RI bare Ta Working of 
g GQicase 1 result = atb; | Case value 2 matches with option=2 | Swlitehecaee 
B break; — 
4 (3) case 2: result = a-b; ae ae = 
5 ” )break; | Program calculates result = a-b and | 
Glan See coaher breaks out of the switch case block 
7 break; eee 


i Output2, the value of the variable b entered is 0. Hence when option 4 is given for doing division, the 
case in ine-18 gets True. However, since division by 0 is not defined, t he if condition in line-18 gets False 
and the else statements get executed. Thus the program executes line-21 and 22. The message that division | 
snot possible is printed in line-21. 


let us now understand the use of the variable check. It is used to check if a valid result has been obtained 
or not. In line-4 the variable check is initialised to 1, The value of check is changed to 0 in line-22 to | 
ndicate that the result calculation was not possible. Finally, line-29 checks the value of check and as it is 
equal to 0, the printf () function following it is not executed. The diagram below illustrates the process. 


ao . ooo 
18 pease 4: @Qjizwi-o) ~ 1 Condition becomes false for b=0 | 


19 result = a/b; 

20 G@jerse - —- 

di _ {print (*\nDivision by 0 not allowed!”) ; ae Shade bcd 

~ check = 0; ites = 
3 } flag=0 used to indicate that result has not been calculated | 
4 . by _ a sabsesiatts 


@ break; 


‘or Output3, as the option value of 7 does not match any of the case values, the default statement in 
"E26 gets executed, As part of this the program prints “you have not entered a valid choice!” 
"6 changes the value of the variable check to 0 to indicate that the resuit could not be calculated. 


Difference between If-Else and Switch-Case 


a > Sa pelea Ae le Switch-Case | 
The if statement tells the compiler that the instruction to | C provides us with a special type of construct called the 
ON" \s @ decision and branch according to the | switch-case-default construct to select from 
SOndition of the decision. multiple branching. ee 
The general structure of the 4£-e1se construct Is: The general structure of the switch-case construct is: 
4f (condition 4s true) switch (variable) 
{ execute statement setl;} {case constant_: statements; 
Slee case constant_} statements; 
{ execute statement set2;) case constant_1 statements; 
default: statements ; 
a ) | 
At-else can check for any logical or relational awitch-case Can only check for an equality. 
"Xpression, 
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Switch-Case _ 


If-Else 
When an if statement Is run, if the conditio When a switch statement is run, the value containeq ir 
if is true then the statement block after ig is executed. the integer or character variable after the switch keywor, 
In case the condition is false, the statement block after the | is matched with each of the constant values following ae 
‘else block gets executed. | case keywords. ; 7 e 
if-else can include a float value in its condition | switch-case can have only integer or character 
| constants (floats are not allowed). 


n following 


portion 


G'S 


110, ne worked out pr : 
Input three numbers and check if the numbers are Pythagorean 0! 
any two numbers is equal to the square of the third number. 

numbers are Pythagorean*/ 


r not i.e. if the sum of the squares of 


/*program-36: Program to check if 3 


ef 
| 2. #include<stdio.h> 
3 int main() 
| 4 {ant a, b, ¢; 
5 print£("\nEnter the first number: ”) 7 
| 6 — scanf("8d", &a); 
7 printf ("\nEnter the second number: “); 
8 scanf(“8d", &b); 
| 9 printf£(“\nEnter the third number: “) ; 
10 scan£(*td", &); 
If if (ata + b*b == c¥e ) 
12 printf("\nThe numbers are Pythagorean”) ; 
13 else if ( b*b + c¥c == a*a ) 
14 print£("\nThe numbers are Pythagorean”) ; 
15 else if ( ctc + ata == b*b ) 
16 printf("\nThe numbers are Pythagorean”) ; 
17 else 
18 printf(“\nThe numbers are NOT Pythagorean”) ; 
19 xeturn 0; 
20 
Outputi: 


Enter the first number: 5 
Enter the second number: 4 
Enter the third number: 3 
The numbers are Pythagorean 


Output2: 
Enter the first number: 7 
Enter the second number: 5 


Enter the third number: 9 
The numbers are NOT Pythagorean 


In the above pros = 

Output, the gram, the numbers can be entered in any order to check if they are Pythagorean or not: IP 

Pythagorean”. However ou gets satisfied and the program prints “The numbers 47° 
ine-18 is left and the program prints ™ 

prints “The numbers are 


NOT Pythag an’, 
Input the ler of thr checl se can be used ti a triangle or not. 
put the length of three line segments and check if those can be used to form iangl 


J /*Program-37: 
‘ogram-37: Program to check if 3 line segment 
2 #include<stdio. h> S can form a triangle or not*/ 


7 int main() 
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5 peinte(\nEntor the first line segment length: ~) 


acanf("#d”, 64); 


> printf("\nEnter the second line segment length ” 
, &)s 


gy scant ("8 
g  printf("\nEnter the third line segment length: “), 

scanf("#d", Gc) ; 

y if (ath > ©) 

{ if (be > a) 

5 ( if (cta> b) 

6 printf (“\nLine segments form a triangle”); 

v else 

6 printf ("\nLine segments CANNOT form triangle”) ; 
16 ) 

B else 

ie print£("\nLine segments CANNOT form triangle”) ; 


IB else 
8 print£("\Line segments CANNOT form triangle”) ; Paleo* 
1 return 0; 

D) 


Outputi: 
Enter the first line segment length: 5 
Enter the second line segment length: 4 
Enter the third line segment length: 3 
Line segments form a triangle 


Output2: 
Enter the first line segment length: 
Enter the second line segment length 
Enter the third line segment lengt! 
Line segments CANNOT form triangle 


Check if a year entered by user is a leap year or not without using logical operators. A millennium year (i.e. a 
ye2r ending with 00 e.g. 1800, 1900, 2000 etc.) is a leap if it is divisible by 400 and not 4. For other years it 
Stould be divisible by 4. 


1 /*Program-38: Program to check if year is a leap year or not*/ 


2 Winclude<stdio.h> 
2 int main() 
7 {int year; 
‘ Print£("\nEnter an year: "); 
§  scant("4d”, kyear) ; 
7 At ( yeart4o0 == 0 ) 
£ printf ("\nYear is a LEAP year”) ; 
o else 
0 48 ( yeart100 == 0) { 
i printf (°\nYear is NOT a leap year") f 
a else if ( yearts == 0 ) 
bs printf (*\nYear is a LEAP year"); np ve 
“ 
a printf (*\n¥ear ie NOT @ leap year"); « Falaeny 
16 ) 
7 return 0; - 
|) 
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Output: 


Enter an year: 1800 
Year is NOT a leap year 


Output2: 


Enter an year: 2000 
Year is a LEAP year 


Output3: 


Enter an year: 2009 
Year is NOT a leap year 


Output4: 


Enter an year: 2012 
Year is a LEAP year 


Program to find the location of a Cartesian point entered by the user, without using logical operators. 


1 /*Program-39: Program to find the location of a Cartesian point*/ 
2  #include<stdio.h> 
3 int main() 
4 {int x, y; 
5 print€("\nEnter the co-ordinates of a point separated by blank space: ”); 
6 scanf(“tdtd”, &x, &y); 
7 Af (x>0) (Checks ii positi 
8 {iE (y>0) 
£ printé ("\nQuadrant-1”) ; 
10 else if (y <0) 
di printf (*\nQuadrant-4”) ; ant-4 
prs else regati 
i? printf (“\nk Axis”); x j 
14 ) 
15 else 
16 { if (x <0) 
v7 {if (y > 0) 
18 printé("\nQuadrant-2”) ; /*1 
419 else if (y <0) f 
20 printé ("\nQuadrant-3") ; / e cent 
21 else s*TE «ni e e 
22 print£("\nX Axis”); /°i = 1 
a } 
a4 else ily optior i = a 
25 {if (y !=0) i ok equal te 7 
26 print£("\n¥ axis”) ; 0 and y not val ) ‘ 
a7 else ual to ¢ 
2B print£(\nOrigin”) | (00 | , ) and 
29 ) “ ; 
30 } 
3) return 0; 
Bey 
Output1: 
Enter the - 
pie = 4 ordinates of a point separated by blank space: -2 5 


Nowe ide 2 2-7 
vote thal under the if block of line-7, an if-e1se ladder Is used to check the possibilities when » iS greater 


than zero. Within the 1 block of line-16 another i£-e1ge ladder is used to check the possibilities when * ° 
equal to 


fess than zero. Finally the ele block of Iine- 
er 2-24 is used to check the remaining possibilities when x is 
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4 following program uses switch-case-default statement to print different area values. 


peprogran-40: Calculating different area values using switch-case*/ 
pinclude<stdio.h> 
gat main () 
{ char option; float s, area; 
printf(*\nPress ‘a’ for Circle, ‘b’ for Square, ‘e’ to Exit: “); 
scanf (“te", &option) ; : ‘ 
switch (option) 
{ease ‘A’ : Roemer gle qu c chara z 
case ‘a’ : puts("\nEnter radius of circle: ”); scanf(“%£", the 
area = 3.14159*sts; 


printf("\nThe required area of circle = 40.2£”, area); 


ESO SN A Ree 
9 
88 
be 
$3 
cad 


p break; 
13 
“4 puts("\nEnter side of square: ”); scanf("f”, &3); 
B area = s*s; 
6 print£(*\nThe required area of square = %0.2£”, area); 
7 break; 
£6 case ‘E! : 
7) case ‘e’ : break; 
2» default : puts(*\nYou have not entered a valid choice!”); 
a } 
2 return 0; 
1) 


press ‘a’ for Circle, ‘b’ for Square, ‘e’ to Exit: B 
Enter side of square: 2.5 
The required area of square = 6.25 


Output2: 


[Press ‘a’ for Circle, ‘b’ for Square, ‘e’ to Exit: 2 
Enter radius of circle: 6.4 


The required area of circle = 128.69 e 
In Output, when the user enters ‘B’ as the choice, the case value in line-13 becomes True and the control 
goes to the right side of the colon (:) in line-13. As there are no statements to execute in that line and there 
is no break statement either, the control automatically comes to the next line on the right side of the colon for 
case value ‘b’. There it executes the puts() statement and the subsequent lines to calculate and print the 
zrea of the square. The break statement of line-17 then takes the control out of the switch-case 
structure. Thus if the user enters either ‘B’ or ‘b’ in both cases finally the area of the square is calculated. 


The following examples demonstrate the areas where mistakes are common. The whole program 
i and only the relevant parts are shown. 


This program portion checks a number to be even or odd, and if the number is even then checks, if it is a 
Mastiple of 3 i.e. it checks for all even multiples of 3. 


(int num; 
printé("\nEnter a number: "); 
scant ("%d", Gnum); 
if (numt2==0) 

if (numt3==0) 

print£("\nMumber is even and a multiple of 3"); 

| else 

printé("\nNumber is simply odd") / 
return 0; 


REeBVAWALAHS 


s 


i 
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Output: 
Enter a number: 12 
umber is even and a multiple of 3 


Output2: 
Enter a number: 25 


er is an even multiple of 3 like 12, then the program will 


m that if the entered numb: . A 
ee Oo and if not it will print"Number is simply odd”, 


print ‘Number is even and a multiple of 3” 


ity i i il! print nothing. The bug lies in the use of the 
In reality if an odd number is entered the program will prin a of th 

else suerte in line-7, From the program indentation it may seem that the else goes ee first 1£ in 
line-4. In reality it goes with the second if in line-5. The general rule is that else goes with the nearest 


i. To make the else statement execute as desired, we will have to place proper braces as shown. 


J {int num; 
2 print€("\nEnter a number: "); 

3 scanf("$d", énum); 

¢ if (num$2==0) 

5 {if (num83==0) 

6 print£("\nNumber is even and a multiple of 3"); 
7 } 

& else 

9 printf ("\nNumber is simply odd") ; 

9 return 0; 

10% 

Rectified Output: 


Enter a number: 12 
Number is even and a multiple of 3 


Rectified Output2: 
Enter a number: 25 
Wamber is simply odd 


The next program inputs a floating-point variable and compares it with a float literal. 


1 amt main() 

2 {float guess; 

3  print£("\nGuess the value of pi (up to 2 digits after decimal): "); 
4 scanf("%£", sguess) ; 

5  if(guess > 3.14) 

6 print£("\nYour guessed value is greater than PI"); 

7 if (guess == 3.14) 

é printf("\nYour guessed value is equal to PI"); 

9 if guess < 3.14) 

JO printf("\nYour guessed value is le: 
JJ return 0; 

JZ y 


Output1: 


Guess the value of pi (up to 2 digits after decimal); 3.24 
Your guessed value ie greater than Pr 


Output2: 


Geese the value of pi (up to 2 digite after decimal): 3.14 
Your queesed value is greater than PI 


x than PI") ; 
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nthe 1ogle of the above program It Is evident that If someone guesses PI as 3.14 then the program should 
syour guessed value is equal to PI”. But contrary to common sense, to your surprise the 


t 
ai will print, “Your guessed value is greater than PI”, The reason |s that a floating-point | 


jer! value Is not stored exactly as It Is shown on the screen but due to precision considerations It Is 


red aS something less than 3.14 (say 3.135555), Hence the comparison makes guesa>3.14 as Truc — 


pd prints the statement accordingly. 


overcome such a problem, declare the varlable guess as a double and use the $1 format specifier 
yacant () function to Input the number, This Is because Internally the number 3.14 Is stored as a double. 
Another method Is to forcibly make the literal 3.14 a float, as shown below: 


y ant main() 

2 {float guess; 
} printf("\nGuasa the value of pi (up to 2 digits after decimal): "); 
4 scant ("b£", &guess) ; 

5 if (guess > ((£loat) 3.14) 

6 printé("\nYour gu 
? 

s 

9 
» 


4 value is greater than PI"); 
i€(quess == (float) 3.14) 
printf ("\nYour gut 
if(guess < (float)3.14) 
printf ("\nYour guessed value io 1 
i return 0; 
2) 


Rectified Output2: 


Guess the value of pi (up to 2 digits after decimal); 3,14 
|Your guessed value is equal to PI 


ed value is equal to PI"); 


Ths is known as type casting whereby the number 3.14 Is converted temporarily to a specified data 
type by the syntax (£loat) 3.14 In line-5, 7 and 9, Thus before making the comparison 3.14 will be 
converted from a double to a float and hence will yleld the correct result, The other solution Is to make 
the variable a double type and keep the literal values 3,14 as It Is without using typecasting. 

$=. 
2 (double gues 
3 printf ("\nGuess the value of pi (up to 2 digits after decimal): "); 
4 scanf("01e", cguesa) ; 
Thus be careful when comparing floating point variables within an if statement. 


The next program piece checks If a point Iles on the origin, 


1 Ant main() | 
2 (int x, y; 

J printe("\nEnter x coordinate of point: "); saanf("td", Gx); 
*  printf("\nEnter y coordinate of point; ")/ ecanf("bd", Gy); 
5 4e( x=0 Ge ym0 ) 

§ printf ("\nPoint lies on the origin.")) 

7 else 

. priotf("\nPoint does not lie on the origin,”)/ 

9 return 0; 

wy 

Output1: 


iter x coordinate of point: 0 
 ¥ Coordinate of point; 0 


t lies on the origin. 
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Output2: 
Enter x coordinate of point: 
Entex y coordinate of point: 
Point lies on the origin. 


Whatever be the input by the user, 
origin”. The reason is that in the i£ con 


Lf 
7 


the above program will always print “Point lies on ty, 
dition in line-5, instead of using the equality operator (=~ ) ie 
compare the two values, the assignment operator (=) has been used. This results is assigning the Value 
of 0 to x and y instead of comparing the same with 0, Thus x and y always become equal to 0 ang 
results in a permanent True condition printing the first line. This is a very common mistake. The line 


should be rectified as: 


5 a¢(Ges0 ae y==0) 

Rectified Program Output1: 
Enter x coordinate of point: 0 
Enter y coordinate of point: 0 
Point lies on the origin. 


Rectified Program Output2: 
Enter x coordinate of point: 5 
Enter y coordinate of point: 7 
Point does not lie on the origin. 


E It isa common programming mistake to put ‘=’ instead of ‘==’ to check for equality ina 


condition and care should be taken to avoid the same. | 


The following program uses the switch-case-default structure to find either the square or the cube of a 


number input by the user. 


J int main() 

2  { int option, check=1; float a, result; 

3 printf("\nEnter number: ”); 

4 scanf(“%£”, 6a); 

5 printf("\nPress 1 to find square, 2 to find cube: “); 

6 scanf("%d", Soption) ; 

Zz switch (option) 

é { casel : result = ata; 

9 break; 

10 case2 : result = a*tata; 

i break; 

i2 default: printf(*\nYou have not entered a valid choice!”); 
13 check=0; 

14 ) 

is if (check = 1) print£("\nThe required result = #£”, result); 
16 return 0; 

wy 

Output: 


Enter number: 52.39 
Press 1 to find square, 2 to find cube: 2 
You have not entered a valid choice! =) 


er ovat 2 valid input choice has been given, yet the program prints for an invalid choice. The fault lies in 
i case keywords. By mistake the choice values have been appended at the end of the cas® 
keyword as casel, case2, instead of writing them separately. The rectified code is given below: 
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atch (01 tion) 
oe co ei i>result = ata; 
‘ — break; 
\ hema EP) result = atata; 
¢ CH" preak; 
ny default: print£("\nYou have not entered a valid choice! ”) ; 
check=0 ; 
pf 
f 
iu ’ i 
pected Output: 


gute number 52.39 
1 to find square, 2 to find cube: 
ross i 2 


ae required result = 143795.468750 


pefllwing program uses the switch-case-defaul€t structure to wish "Good morning” or “Good Night”. 


int main () 

{ char option? 
printf ("\nPress ‘m’ for Morning, ‘n’ for Night: ”); 
scanf("kc”, Goption) ; 


| gviteh (option) 

i (case m:  puts(*Good Morning”) ; 

‘i break; 

0 case n: puts("Good Night”) ; 
break; 


default: printf("\nYou have not entered a valid choice!”) ; 


) 
return 0; 


Ya’ undeclared (first use in this function) 
%’ undeclared (first use in this function) 


The program will not compile and will give the error message as shown above. The reason is that the case 
cngants have not been used properly. As the case constants are character constants, these should be 
‘dosed within single quotes. The corrected code will have: 


7 switch (option: 
6 { case ‘m’ : Puts(“Good Morning”) ; 


3 break; 

9 Caase snr puts (“coed Night”) ; 

u break; 

2 default ; print£("\nYou have not entered a valid choice!”); | 


M4 | 


REMEMBER that a logical expression is evaluated from left to right. In case sufficient logical truth has 
Yn obtained to evaluate an expression, then further evaluation of the expression is stopped and the 
rduation of the remaining expressions is not carried out. This is common for conditions where there are 
‘cal OR operators. If the first condition Is satisfied then the remaining conditions connected by the OR 
“psdtors is not checked as (True) OR (Anything) is True. However, in case you have AND operations, then all 
te AND connected conditions are checked to see if the overall condition is True or not, 


Tee rogram piece illustrates the above point. 
1 fat natn a 9 aeons EGS 
i Lint seo beg) 0, 2 yd 2 rt 


ey MG: 
Pate("Enter three yalues:”)/ 99 |” 
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¢ scant (“tdsded”, &x, SY, 62); 
s a£( (a=x) && (b=y) II (=z) ) 
printé("\na=8d, b=td, c=td", a, Bb, oc); 


else 
& print£("\na=td, b=td, c=%d", a, b, ¢)? 
2 return 0; 
oy 
Output: 


Enter three values: 2 5 8 
a=2, b=5, c=0 


The condition of the if statement in line-5 consists of assignment operations (note, these are not equalit 
+ that C considers any non-zero value as True and only a zero value as False. a 
» The 


operations). Remembe' 
is property without the use of relational operators, 


condition evaluates by taking into consideration thi 
Ideally to check the overall condition all the individual conditions need to be checked. However, as 55 
operator has a higher priority than || operator, the AND condition (a=x) &&(b=y) is evaluated t, 
(Non-Zero)&&(Non-Zero) i.e. True&&True which is True. As the next condition is an OR operation, and the 
jeft hand argument of the OR operation has been evaluated as True, C will not evaluate or check the right 
side condition of the OR operation. So the variable c remains at zero (0) without any change, though the 
other variables a and b both get changed. This is why we get the above output for the values entered, 


zal + In a program depending upon some condition(s) whenever there are more than one possible outputs 
for a particular set of input(s), the situation is called program branching 


«To test or verify conditions C provides us with some special operators called relational operators that allow us to 
compare two values and find out whether one value is Equal (==), Not Equal (!=), Greater Than (>), Less Than (<) 


etc. to another value. 

= The outcome of a relational operation is either True or False 

= Cuses the if-else statement to check a condition and execute statements accordingly. 

= The else statement is dropped in case there are no statements to execute if the condition is false 

= Anif statement can exist without an else, but an else statement cannot exist without an if. 

= If there is only one statement to execute in case the condition is true, there is no need to put the curly 
braces and the statement can be put beside the condition, o1 the next line. 

* True condition has a numeric value of 1 and a False condition has a numeric value of O 

= All positive and negative values are taken as True and only a 0 is taken as False within a condition. 


= Placing one if-else block within another is known as nesting of if-else blocks. Giese 
+ Multiple nested if-else structures can take the shape of a ladder and is hence known as an if- 
ladder. 


+ Nested if-else statements can be used when more than one condition needs to be tested to arrive at a decision 


+  € provides us with three logical operators — NOT, AND, OR | 
* The unary logical operator ‘!’ Ie. NOT has the highest priority followed by AND, followed by OR- 
+ ANOT logic simply inverts a given logic. 

+ An AND logic (44) Is True when alll the Individual logics are True, 

+ An OR logic (||) is True if any one of the conditions is True. 


+ — Instead of using multiple levels of if-else, which can be at i 
a times much confusing and lengthy, 
the Logical Operators to connect several conditions under a single condition statement 


- Whatever character Is typed from the keyboard is of the COmPtion 
stored in the memory mat 
2s = number. This number Is known as for an 
Interchange) value of that character. the! ASCIN: (Anetican: Standard Coo? to 122: 
m 97 to" 


+ The Cheranters & to Z have ASCIL values from 65 to 90 and the characters a to z have ASCII values fro 
+ # character \s automatically converted to its ASCII value before it is compared. 

. The COiuenal operator (1) 16 ? 
: i )'s also called a ternary operator and works similar to an if-else statement 4 sing 


picowatie: eh whenasanren tera: ‘expression in the conditional operator can hold °F 
if and else blocks can hold multiple statements. ___ 


1-10-30 294 


wale’ 


struct. Tt successively tests the 
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one can use onl 
Not allowed as a 


YY integer or character values for the case 
+ onecan have only equality of cases and we cannot have ani 


case constant, 


Qi. Multiple Choice Questions. Select from any one of the four options. leach 
i) Program branching helps us to: 
2. Run a code multiple number of times b, Execute different codes based on conditions 
c, Execute all the lines of code in a program d. Use different types of data types in a program 
ii) An if statement in C: 
a. May have an else statement b, Always have an else statement 
c, Must have an else statement d, Can have multiple else statements 
ii) How many relational operators are there in C? 
a3 b. 4 6 d.8 
\v) How do you represent the not equal to Operator in C? 
a, not = b. <> cls d, =! 
¥) How do you represent the less than or equal to operator in C? 
ale b. <= aa< ds 
v) Multiple nested iFe/se statements can be sometimes replaced by an 
a. if-else slope b. if-else step c. if-else stair d. if-else ladder 
vi) Which of the following is not a relational operator in C? | 
a. >= == Gil d< 
vil) Which of the following operations does not change the value of the variable x? 
a. x=9 b. x=x-1 C. (5-2)?(x=6):(x=2) dd. X== 
%) An if-else ladder can sometimes be replaced by logical___——_ operators: 
@. AND b. NAND. c, OR d. NOT 
7) Nested /f statements can sometimes be replaced by logical___——_ operators: 
2. NOT b. OR c, NAND d, AND | 
*) Which of the following is not a logical operator in C? 
2% b.! Cc. BR d. || 
“) A conditional operator: 
4, has 1 argument —b, has 2 arguments c. has 3 arguments d. has 4 arguments 
7) Which of the following data types cannot be a case constant in a switch-case statement? | 
a. int b, float ¢, long int d. char \ 
“Which staternent in C can be used to come out of a case statement in a switch-case operation? | 
a. end b. exit ¢, continue d. break | 
“4 Mbat will be the output of the C program plece given below? 
Wh = 2; | 
We 2D) WO 2= = VY) Mx t2==9) Ix 1X= =I) i(x=0) puts("Humply’); else puts(“Dumpty"); 
a. Humpty b, Dumpty c, Show error d. None of these 


» ditat will be the output of the following piece of code In C? 
Mi xo 2, yo 4, 226, W; 
= (x) I(x yJbb(x ty 2), 
PHC Yo, ve) 
ak oe od a6 
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xvii) What will be the output of the following piece of code in C? 
int x=5, y = 8, 2=12, W; 
Ww = x) /{{(z==!5)88(2!=!x) #1; 


printh("%d", Ww); 
a, 12 bi ex d.2 
a xviii) What is the output of the following code in C if the user inputs x as 6? 
| int x, y = 3, m; scanf('%d’, &); 
| M=(X-Y)AXAV)EOV) 
print %a", m); 
a.3 b.9 a6 d.2 


| xix) What is the output of the following code in C if the user inputs m as 2? 
int x=12, y = 3, m; scanf("%d", &m); 
OA V700: =m; 
printh("%6d, %d", x, ¥) 
a. 3, 12 b. 12,3 2,3 id. 122) 
} xx) What will be the output of the following code in C, if the user inputs 2 for x? 
| intx, y = 3; scanf('%d", 8x); 
I if(x<) 
| print’ |n x=%d", x); 
YL, 
it{x>0) y=y+6; 
printt('\n%d", y); 

a3 b.5 com} d.4 
xxi) What will be the output of the following code in C? 

char x=P% int A=97, Z=122; 

lf(x>=A 88 x<=Z) printf("\nUppercase alphabet’); 

else printf("|nSomething else”); 

a. Something else _b. else without if (error) c. Uppercase alphabet d. None of these 
xxii) | What will be the output of the following code in C? 
| int x=45, Y=45; if( x=x/10 |] y=y%10 ) print('x=%d, y=%d, x, y); 
| a. x=45, y=4 b. x=4, y=45 c. x=45, y=45 d. x=4, y=4 
| xxiii) | What will be the output of the following code in C? 
| int x=5; if(x==2); printfC Hello, Good Morning’); if(«==3) printf(‘Hello, Goodnight”); 
| a. Hello, Goodnight b. Nothing c. Hello, Good Morning d. None of these 
xxiv) What will be the output of the following code in C? 

int x=5; if(x=2) printf('Hello, Goodnight’); else printf("Hello”); 
a. Hello b. Hello, Goodnight c. Compilation Error d. None of these 


xxv) — What will be the output of the following code in C when the user enters the input x as 5.7? 
float x; scanf("%f', 8X); iffx==5.7) puts(“Abrake’); else puts("Dabra BH 
a. Abrake b. Compilation error c. Dabra d. None of these 
xxvi) — What will be the output of the following code in C? 
int x=5; if(x=4) printf('Hotch’); else printf("Potch WF 
a. Potch b. Hotch c. Compilation error d. None of these 
xxi) What will be the output of the following code in C? 
Int x=12, y=3; 
WK =12) 88 Niy!=15) && (y==3 |] x<2 BB x<y)) printh("%d" FKAL); 
else printh("%d", y-1); ‘ 
a. 36 b. 37 3 
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| what will be the output of the following code in C? 
will) ntx=t5, y=2; 
it (xt=45) BB My!=2) 8& (x>-2 | Y==15 8B x>y)) printf "%d", 2*X-1); 

else print %d", y+1); ’ 

a2 b.29 c. 30 d.3 
What will be the output of the following code in C? 

int x=2, y=10; 

if (xy) printf("%d', x); 

else if (y-x) printh"%d", y); 

else if (5*%x-y) printt('%a", y-x); 

else printt("%d", x-y); 

are b.8 c. 10 d.2 
What will be the output of the following code in C? 

int x=2, y=10; 

if (x-y) printt("%d", x); 

else if (y-x) printh("%ed', yj: 

else if (5*x-¥) printt("%d", y-x); 

else printt("%d", x-y); 

a. 8 b.8 c. 10 d.2 


xix) 


xx) 


Short Answer type questions: 
i) What types of outputs are possible when a condition is evaluated by an /fstatement? 
ji) Name any two relational operators in C. 
ji) What is the use of the equality operator in lord 
lv) State one difference between a logical not and the inequality operator. 
State the order in which logical, arithmetic, and relational operators are evaluated in an expression 
having all of these types of operators. 
vi) How many relational operators are present in C? 
vii) State one difference between the ‘=’ and the ‘==" operators. 
ji) What do you mean by a nested if-else statement? 
ix) State one use of logical operators. 
x) Write the operator symbols for logical AND and OR operators in C. 
xi) Which logical operator has the highest priority amongst logical operators? 
xii) Name the ternary operator used to check conditions inc. 
What is the use of the default statement in a switch-case-default statement? 
iv) What is the value of m in the C code m=(6==2*5-4)?(5):(10); 
<¥) What is the output of the C statement: M545) 14/2) i895) if(8-4*2) puts("1'7; else puts("2"); 
Long Answer type questions: 7 each 
an /fstaterment without the use of relational operators. Explain 


i) Write a program to show the use of 
the difference between the ‘=’ and ‘==" operators with the help of proper examples. What do you 
34242 


mean by an /Felse ladder? 
ji) Show an use of the conditional operator in C. What are the uses of logical operators in C? State 


two differences between an if-else and a switch-case operation in C. 34242 
il) Show a use of the conditional operator on the left side of the assignment operator with the help of 

@ program. What is the utility of using switch-case operation? Explain how you can check using 

logical operators whether a given value is within a given range of values or not? 34242 


Assignment Programs: 4 each 


!) Input a pair of 


If they can be solved then find the solution. Otherwise state that the equations cannot be solved. 
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ii) 
iii) 
iv) 


v) 


vi) 
vii) 
viii) 
ix) 
x) 


xi) 
xii) 


xiii) 


xiv) 


xv) 


xvi) 


xvil) 


P 1-10-34 


[Hint: Take the equations as: ax + bly + cl = O and a2x + b2y + c2=0 


Input the coefficients a1, bi, cl, a2, b2, c2. In case al.b2 — a2.b1 = 0, the equations cannot be 
solved. Check this condition and state whether the equations can be solved or not. If solvable, then 
find the values of the variables x and y. The variables x and y are given by: 


x = (bl.c2 — b2.c1)/(al.b2 - a2.b1), y = (cl.a2 - c2.a1)/(al.b2 — a2.b1) 
Write a program to find the maximum value between two numbers entered by the user. 
Use the conditional operator to find the maximum out of three numbers input by the user, 
Write a program in C to test if three points are collinear or not. Input the three points as 
(x1, y1), (x2, v2), (3, y3). (Hint: For three points to be collinear, the area enclosed by the points 
will be zero.) 
Enter the co-ordinate of a point (x, y). Write a C program to check with the help of Logical 
Operators if it lies in the first, second, third, or fourth quadrant, on x or y axis, or on the origin, and 
display a message accordingly. 
Write a program with the help of Logical Operators to check if a year entered by the user is a leap 
year (a millennium year like 1800, 1900, 2000, 2100 etc. is a leap year if it is divisible by 400), 
Write a program using Logical Operators to check if three line segments can form a triangle. 
Write a program using Logical Operators to check if three numbers are Pythagorean triplets. 
Write a program in C to test if a point (x, y) lies inside, on or outside a circle of radius r with origin 
at the centre, where x, y, and r are input by the user. 
Write a program in C to test if a point (x, y) lies inside, on or outside a circle of radius r with origin 
at (a, b) where x, y, r, a and b are input by the user. 
Write a program to check if a number is even or odd with the help of conditional operators, 
gram to check if a number is even or odd with the help of switch-case construct and 
ing any /f-el/se construct. 
Input a character. Check if it is in uppercase or in lowercase. If in uppercase, 
lowercase, and if it is in lowercase then convert it into uppercase. 
Input the coefficients a, b and c of a quadratic equation a.x?+b.x+c=0. Check if the equation has 
real roots. In case it has real roots then calculate the same. [Hint: For real roots check if 
b?-dac>=0. If so then find roots using the required relation x1, x2 = {-b +(b? — 4ac)°*}/(2.a)) 
To find the square root of b’-4ac use the sqrt() function. To use it include the <math.h> 
header file. The syntax for using the function is: y = sqrt(d); where d = b*-4ac] 
If telephone calls made are less than equal to 300 then charge per call is Rs, 0.80. If calls are 
between 300 and 601, then rate per call is Rs. 1.20 and if calls are more than 600, then rate is Rs. 
1.50 per call. Write a C program to calculate the telephone bill based on the number of calls made 


by a subscriber. 
A rectangle is centred at the origin and has a length L and a breadth B 
(entered by the user) as shown in the diagram. Check whether a point (x,y) 
also entered by the user lies inside, on, or outside the rectangle. 
An air-conditioning system of a storage warehouse is to be turned on if one or 
more of the following conditions occur: 
a, The weight of the stored material is less than 100 tons, the relative 
percent, and the temperature is above 60 degrees; p 
b. The weight of the stored material is 100 tons or more and the temperature Is a 
degrees; over. 
c. The weight of the stored material is less than 100 tons and the barometer stands at 30 or 
W designates weight of 100 tons or more. 
H designates relative humidity of at least 60 percent. 
7 designates temperature above 60 degrees, 
P designates barometric pressure of 30 or more. 
Write a © program to recelve the parameters W, H, T and P and based o1 
or ¢, state whether the alr conditioning should be started ON or put OFF. 


Write a pros 


then convert it into 


humidity is at least 60 
bove 60 


n the conditions 4 b, 
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« Introduction 

. Concept of a Loop 

« The while Loop 

« The break statement 

« The continue statement 

« The do-while Loop 

« The for Loop 

« Some worked out examples 


Ft ERRIUCLORS °C SSE castes ies ee 
AR from conditional branching there may be situations where a 


particular set of instructions may need to be repeated several Start 
times depending upon some conditions until the desired result is got. 


As an example take the situation of finding the terms of an A.P. 
series up to certain number of terms. Each new term is created by Gondition = 
adding the common difference to the previous term. This forms a is 

repetitive process. Such a repetitive process is also called iteration. 

The number of times to repeat usually depends upon conditions. | True 


The general logic for such a situation is given by the flowchart on Process Stop 
the right. As long as the condition is True, the Process part is 

repeated. Each time after the execution of the Process, the 

condition is checked to be True or False. When the condition is found 

to be False the program control comes out of the loop. This condition checking can be carried out at the end 
of the loop also. All these situations are possible in C using the while, do-while and for loop statements. 


Nt WED, 


* The Increment, Decrement, and Compound Assignment Operators: 


Before we learn about the different looping processes let us learn about some operators, apart from the 
rational operators, that are used extensively in programs related to iteration. The table below shows a set of 
these operators called increment, decrement and compound assignment operators. 


Operator Description 


_ Remarks 


Post increment x++ is same as x=x+1 


had Increments the existing value of a variable by 1. y = att; Pre increment ++x is same as x=x#1 


Post decrement x-- is same as x=x-1 
Pre decrement -—x is same as x=x-1 


— Decrements the existing value of a variable by 1. 


cane —lyta5.2; —lyt=5.2 same as y=y+5.2 
+ Increases the existing value of a variable to the z4=2434y; Z+=2+3ty Same as z=2+ (2+3+y) 
|left of the operator by an amount to the right. yt=1; same as y=y+1 same as y++ 


Decreases the existing value of a variable to the Es 


z- (2*b+c) 
left of the operator by an amount to the right 


same as y=y-1 same as y-~ 
y*sk; y*=k same as y=y*k 
z*=5+3/y Same as z=z* (5+3/y) 
y*=1 same as y=y*1 
| a y/=k same as y=y/k 
l= | Divides the existing value of a variable on the left z/=xt3%y same as 2=2/ (x+34y) 
of the operator by an amount on the right p/=2; p/=2 same as p=p/2 


|Muttipies the existing value of a variable to the 
\left of the operator by an amount to the right 
1 — 


t= 


———_— existing value of alat=5* at=5*t same as a=at (5*t) 
|[Caloutates the mod of an existing zt=Statd same as z=28 (Sta+4) 


= : perator by an amount ? 
. Cea cise yee; yes same as y=y$7 
9 the right = — == on 
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7 = ry x | 
part from conditional branching there may be situations where a 
particular set of instructions may need to be repeated several Bier | a] 
tines depending upon some conditions until the desired result is got. | | Flowchart for 
Js an example take the situation of finding the terms of an A.P. False | looping 
eres up to certain number of terms. Each new term is created by Condition | 
adding the common difference to the previous term. This forms a ? 
meetitive process. Such a repetitive process is also called iteration. | a 
‘The number of times to repeat usually depends upon conditions, { True | 


When a set of 
instructions get 
repeated several 
times depending 
on a condition, it 
forms a7)", 


The general logic for such a situation is given by the flowchart on prooees SOP) 

the right. As long as the condition is True, the Process part is | 
repeated. Each time after the execution of the Process, the 

condition is checked to be True or False. When the condition is found | 
tobe False the program control comes out of the loop. This condition checking can be carried out at the end 
the loop also. All these situations are possible in C using the while, do-while and for loop statements. 


.. Increment, Decrement, and Compound Assignment Operators: 


we learn about the different looping processes let us learn about some operators, apart from the 
‘ational operators, that are used extensively in programs related to iteration. The table below shows a set of 
these operators called increment, decrement and compound assignment operators. 


ator Description Remarks ay 
ic Post increment x++ is same as x=x+1 Increment, 
++ | Increments the existing value of a variable by 1. Pre increment 4-42 is same as x=2+1 Dacrement, and 
=| a Compound 


operators 


Post decrement x-- is same as x=x-1 
| Decrements the existing value of a varlable by 1. — 


Pre decrement --x is same as x=x-1 


fs - Sonne, _|y+=5.2; y+=5.2 same as y=y+5.2 
te Increases the existing value of a varlable to the Ls ea 


z+=2+3%y Same as z=2+(2+3*y) an 
left of the operator by an amount to the right. ye=1 same as yey same as y+ | ; he 
Perel 24,5 same as y=y-4.5 =| aa i 
_ == Decreases the existing value of a variable to the iy most widely used 


z-s2*bte same aS z=z-(2*b+c) 


Operators in a 
same as y=y-1 same as y-- 


_| loop. tt increases 


La left of the operator by an amount to the right 


yt=k y*=k same as y=y*k the value of 
ts Multiplies the existing value of a variable to the zt=5+3/y; 2*=5+3/y same as z=z4 (5+3/y) | variable bu ee 
He ‘eft of the operator by an amount to the right y*=1; y*=1 same as y=y*1 
| _ —— Jake y/=k same as y=y/k 
/= Divides the existing value of a variable on the left Sy asatyi x/=xt3¥y Same as z=2/ (x+34y) | 
Of the operator by an amount on the right p/=2; p/=2 same as p=p/2 | 


" Gleulates the mod of an existing value of a 
~ — |variable to the left of the operator by an amount 
= to the right 
— = 


at=5*t same as asad (54t) | 
zheBtatd same as naz (Stata) 
yt=1 same as yay$7 | 
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The increment operator when used separately does the same job as incrementing the varia 
which it is attached by 1. It is usually used in loop applications to increment a counter variable by 
time a certain portion of the loop is executed. 


ble to 
1, each 


BS 
ledge 


we have so far, we can do it using the following code: 


I /*Program-41: Program to find average of three numbers*/ 
2 #include<stdio-h> 

3 int main() 

# {float numl, num2, num2, sum=0, average; 
5 printf ("\nEnter number: ”); 

6 — scan€("td", snum1) ; 

7 

8 

9 


sum = sum + numl; /*Kdds num] to the last value o au Q 
print£(“\nEnter number: ”) ; 
scanf(“td", num?) ; 

10 sum = sum + num2; /*Adds num? te the \ 


I1  print€(“\nEnter number: ”) ; 
12 seanf(“%d", snum3) ; 
43° sum = sum + num3; 


uml tnum2«/ 
14 average = sum/3; 


print£("\nAverage of the numbers is 
16 return 0; 
i7 y} 


%.2£", average) ; 


Output: 
Enter number: 5.2 
Enter number: 7. 
Enter number: 12.5 
Average of the numbers is 8.53 


In the above program the following three operations are repeated to input the numbers and get the sum: 
5 Display a prompt to input the number 

6 Input the number 

7 Add the input number to the existing sum 


In line-4, the variable sum is initialised to 0. In line-7, the code sum=sum+num1 adds the input value num to 
the initial value of sum i.e. 0 to get the value 0+num1=numi. It then assigns this value to the variable sum. 


The last value in sum, i.e. 0, thereafter gets overwritten by the new value num1. So sum contains the value 
num after line-7. 


| In line-10, again the new value in num2 is added to the last value stored in sum i.e. num1 to get the value 


numl+num2, It then assigns this value to the variable sum. The last value in sum, |.€. num1, therefore gets 
overwritten by the new value num1+num2. So sum contains the value num1+num2 after line-10. 


Finally In line-13 the new value in num3 is added to the old value in sum i.@. num1+num2 to get the value 
numi+num2+num3. It then again assigns this value to the variable sum. The last value in sum, |e 
numl+num2, therefore gets overwritten by the new value num1+num2+num3. So sum contains the value 


num1+num2+num3 after line-13. 
Une-14 then calculates the average by dividing the final value in sum i.e. (num1+num2+num3) by 3. 
‘There are two problems with this approach: 


+ If the number of values to enter is large (for example the average of 1000 numbers), we have i 
write the same code many times. We can use copy-paste option to replicate the code. But it bs 
unnecessarily use extra time and memory and at the same time the program listing will also be too 1ond- 
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incase te number of times to repeat the code is not 


ae vore conditions or is an user input, then we will not 
ch during writing the program. 
c 


known beforehand and depends upon one 
know how many times to replicate the same | 


voing pseudo-code is an alternative approach to 
Wa i vercome the above problems, 
yt 


jeprogean Ala: Pseudocode to find average of three numbers using loop*/ | 
| gineludecstdic .h> | 


“nt main () 
{int count=1; float num, sum=0, average; 


the same program using the concept of loops 


repeat lines 6 to 9 as long as value in count is less than or equal to 3 
printf(*\nEnter number: ”) ; 
scan ("4d", &num) ; 
| sum = sum + num; 
count = count + 1; 
end_of_loop 
average = sum/count; 
printf("\nAverage of %d numbers is %.2£”, count, average) ; 


return 0; 


Output: | 
Enter number: 5.2 
Enter number: 7.9 
eter aumber: 12.5 
Average of the numbers is 8.53 


} te adove code, the variables sum and count have been initialised to 0 and 1 respectively during the 
jon in line-4. The variable sum stores the result of adding the 3 numbers while the variable count is 
‘= 2 2 counter to keep track of the number of values added. In programs dealing with loops, often we 
wil be using a counter in this manner to count the number of iterations i.e. to count the number of 
Té the loop has repeated. 


& went to add 3 
the loop is 


Values in the variables during the execution of the code 
=T 


< to repeat 3 times. | Repeat | count Senta num sum Remark 
% 50 that the counter has 2 
iitialised to 1. Each B I True 5.2 |0+5.2=5.2 count increased by 1 
'€ loop portion from 2 2 True 7.9 |5.2+7.9=13.1 count increased by 1 
‘9 line-9 is run, the - 
7 ‘5 increased in 3 3 True 12.5 | 13.1+42.5=25.6 | count increased by 1 
fet 1 by the 4 4 False - Loop stops 


wn: 


oant+1 in line-9, 

_| When the value of count is equal to 3, the loop portion is repeated for the last time. After that the 
4 nin line-5 becomes False and the program control straight away goes to line-11 where the average is 
“"4%4, The nanner in which the values in the different variables change Is shown in the table above. 


P "ON the three, repeating lines of program-40 (lines-5, 6, 7) have been used in program 41a, Also, a 
.. “a0 num has been used to Input all the three numbers, instead of three variable num, num2, and 
h * fart time the loop is run, a value Is entered In line-7 In the varlable num using the scané () function. 
. 6 \6 then added to the existing value of the varlable sum In line-8, So, when the first value 5,2 is 
9 290 added to the existing value of sum |.e, 0 In line-B, sum contains the new value 0+5,2 Le, 5.2. 
the variable count is incremented by 1 In line-9. So count now contains the value 1+1=2, In this way 


Spe 
Continues to function 


+ Te end of the last repeating line when the end_of loop is reached, the program control goes back 
ote “Ondition part in line-5. There the condition Is checked to see If tls True or False. If the condition is 
“bar from line-6 to 9 Is again repeated. 
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During subsequent repetition of the loop new numbers will be input into the same variable num (verwriting 
the last input value) and added to the existing sum to get a new sum value. The value of count also 
incremented by 1 every time. Finally when the result of the condition checking in line-5 becomes False, the 
loop terminates and the control goes to the next line outside the loop. Once outside the loop, the final Sun jg 
divided by count to get the average in line-11. 


¢ The Increment and Decrement Operators as a statement: 


The increment and decrement operators ++ and -- are extensively used in programs involvini 


3 VINg iteration or 
loops as stated earlier. These can be placed at two different places with respect to the variable, depending 
| upon the situation. These are: 


er ¢ Pre increment/decrement: When the operator is placed before a variable like ++x, or --x 
Pre and Fost + Post increment/decrement: When the operator is placed after the variable like x++, or x-- 


When you use the increment/decrement operators to increase/decrease the value of a variable YOU can use it 
in the following manner: 

int x=1; 
print£("td", x); 
te: 
printé(“\ntd”, x); 
xt; 


AuAWNS 


printé("\ntd", x); 0 /! Prints thi lue 0. 


Output: 


operation. 


When used in the above manner, the final result is the same as is evider 


nt in the above output. The same 
tule applies for the decrement operators also. 


Note that we can replace the operators in lines- 


8 and 9 in the last program (program-41a) by the compound 
and increment operators as shawn below: 


| 8 sum += num; = instead of sum = sum + num; 
9 ++count; = instead of count = count + 1; 


However, when the operators are used in an ex} 


pression, the outputs of the pre-increment/decrement and 
| Post-increment/decrement operations may differ. 


The Increment and Decrement Operators in an expression or condition: 


| When using the increment (++) and decrement (-) operators in an expression or a condition, there may be 
a difference between the pre-increment/decrement and Post-increment/decrement operations. The 
following codes illustrate the difference between the two. When you write: 


int a=5, num=0; 
mum = +ta; 


The two variables a and num are first initialised to 


t 5 and 0 respectively. In the second line we have used the 
Pre-increment form of the operator in the expression. 


When Pre-increment takes 
incremented value is used. The variable a is thus first incremented by 1 and it assumes the value B41=6. 
After the increment, it is assigned to the variable num, Thereafter the variable num also gets the value 6, This 
's illustrated by the memory diagram shown In the next page. The statement num = +a; is thus equivalent 
to the two statements in this Particular order: ‘ 

: me ey i Same as: num = +40; | 


Place in an expression, the variable is first incremented and then the 
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j 


/ 


| Mat There are no operators as +++ oF ~~~ 
"4 by itself, though, z=x+++y does carry a Mm 


fiow let Us 


int 265, 
nom = att; 


num=0; 


Te 


wren 


=iithereafter num assumes the value 5. Afte! 
t= value 5+1=6. Therefore the variable a now 
m shown below. The statement num = 


8 Same as: num = at+ 
asa; 3 —$—$__— 


VariableName | Memory Address 


num = at+; 


“fence between the expressions cou 


jest-increment form of the operator in the expression. 
the variable is first used and then incremented. As | 
first assigned to the variable num | 
r the assignment, the variable a is incremented by 1 and it gets | 
stores the value 6. The operation is illustrated by the memory | 
a++; is thus equivalent to the two statements in this particular 


increment takes place in an expression, 
«the above code only assignment operation takes place, the variable a is 


in C. Hence +++x, 


att, 
eaning and Is th 


tH and +count: 
thing should 


Tt) 
ne more 


Wile 
*USiNng the ind erators, 0 
increment/decrernent opt 4 h the effect of these s! 


{tn the following two statements thoud 


¥ = count#1; 


Y= ++count; 
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s find out what happens when we write the same code but use the post-increment operation. 


+: two Variables a and num are first initialised to 5 and 0 as before. In the second line we have used the 


---y does not have any 


or y---) 
e same as z=(xt++) + ¥- 


be noted. There Is a difference 
tatements on the variable y is the 


y 
hn P1-11-5 


Meaning of 
num=t+a, 


a 


Meaning of 
pum=at+; 


ah 


Difforenee 
betwoon 
ART and tea 


> 


, 


4 


ead 
‘eneenion 1005 
not change the 
value of count, 
but changes the 


value of u. 


the 


Part 4: Chapter 11 


The diagram on the right shows the Variable Name ‘Memory Address 
difference for the intial value of count: 
taken as 5 and y taken as 0, It can be 
seen that though the final content of 
yrcount+1 and y=++count are same 
for a particular initial value of count (in 
this case 5) but the way the two 
statements function are different. 


In the first statement the value of y is 
derived by adding 1 to the existing 
value of count, Thus y becomes equal 
to 6 whereas count remains at 5. 


But in the sacond statement, the code 
++count first increments the value of 
count by 1 and then assigns the 
increased value of count to y. Thus 
first count becomes equal to 6 and 
then this value is assigned to y which 
then becomes equal to 6. Therefore: 


printf ('New count=td”, counttl); = Displays count+1, with no change in value of count 
printé(*New count=td”, ++count); => Changes value of count by 1 and then displays the result 


4000 


4001 


1002 
count 


1003 


1000 
41004 | 


1002 


1003 


In this section we will discuss how we can repeat a set of 


program statements using @ while loop. Start 

The fiowchart on the right shows the logic of the while loop, | 

The condition part of the loop may be constructed using Statements Loop Part 
relational operators (similar to the condition in an if-else " nh 

statement) or using some other logic. The condition part may 

check the value of a counter variable to decide how many times Condition False 

to repeat the code. However the use of a counter is not ? ; 

compulsory and other logics may be used in the condition part 

‘to kee0 2 loop running or terminate a loop. | The Statements 
In case a counter variable is used, it needs to be declared and Statements | 
intialised outside the loop. Within the loop it needs to be 

incremented or decremented as per need. (_ stop ) 


The shaded portion in the diagram indicates the loop. Each 

ume the loop begins to execute, the condition is tested first and if found True, the body of the loop Is 
eyczsied, [hs thus called an entry controlled loop. Ifthe condition becomes False, the control goes out of 
the loop to the statement after the loop. The general structure of the while loop is shown below: 


Initialise Loop_counter; 


while (condition) No semicolon after the whlle keyword 
{ statements; 
Thue rail 
ede change loop counter; Body of the loop indicated by enclos! 
ny j vs them within the curly braces {) 


Ite that ‘H#46 6 m0 semicolon alter the white condton, In case the contin becomes True then the 
saeswwests W the bevy Of thee loop gets executed, The statements to be executed as part of the looP are 
vr ated (yy enclosing them within a pair of curly brackets i.e. { }. 


1 us Ceqeite hve progeam 41a to fd the average of three numbers using a while loop. 
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1 [sesogeam-41b: Program to find average of three numbers using while loopt/ | 

> ginclude<stdio.h> | my 

F gnt main () Program te find 
4 (int count=1; float num, sum=0, average; average of 3 
5 while (count<=3) | numbers 

5 {print£("\nEnter number: ”) ; 

" scanf("%d”, &num) ; | 

rf sum = sum + num; 

2 count = count + 1; | 

0 ) 

i] average = sum/count; | 

12. printf (“\nAverage of %d numbers is %.2£”, count, average) ; 

3 return 0; 

4) 


Note how the condition Part is written using relational operators in line-5. The body of the loop that is 
repeated is from line-6 to line-9, The opening and closing curly braces in line-6 and line-10 enclose the body 
of the loop. We have used a counter variable called count to count the number of times the loop has run. | 


tet us take a simple example to illustrate the functioning of the while loop. The following program prints the | 
numbers from 1 to 5. 
/*Program-42: Use of while loop to print from 1 to 5*/ 
#include<stdio.h> 
int main() 
{ int count=1; F 

while(count <= 5) | When last line in the body of the loop 


{ printf£("\nNumber %d”, count) ; is reached, control goes back to loop 
ee “s | header to recheck condition 


3 
4 
5 
6 


++count; 


1 
return 0; 


Manber 
Nunber 
Waonter 
funber 
Munber 


“" the above program, the number of times the loop should repeat is checked by the variable count | 
(% an give any other suitable name). The program functions in the following way: 


mawne 


2, In \ine-4 during the declaration part the variable count is initialised to 1 my 
% In \ine-5 the loop control structure begins and the condition following the while keyword is | Wo; king of while 
checked. In this case it is checked if count<=5 loop 


‘, If the condition is satisfied or evaluates to True, the body of the while loop Is executed. 
Cece within the body of the loop the printé () statement in lIne-6 prints the value of count 
The vanable count is then incremented in line-7 by using the Increment operator ++ | 


Wi AS the prograrn contral reaches the last line In the body of the loop, it again goes back to line-5 and | 
recherys the condition. If it is found to be True the control again enters the body of the loop in line-6 


9) If the Condiion is found Falve then the body of the foop Is skipped and the statement immediately after 
the body of the loop 16. in this Case return 0 In line-9 gets executed, 


When the Igop is run for the first time, the loop condition Is satisfied as count=a, Is less than 5, The | 
Prograrn control enters the body of the loup and prints the value of count, Next it increments the value of | 
count by 1 ih ++4count and count becomes equal to 2, On reaching the end of the loop block, the 
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program again checks if the condition is satisfied. Since count is now equal to 2, the condition is again 
satisfied and the block of statements inside the loop again gets executed. This continues till ++count makes 


count equal to 5. This is the last time the loop will be executed, for after this count becomes equal to 6 
which fails the condition and the loop terminates. 


The above program can be written in a different manner also as indicated below: 
I ant count=0; 

2 while (++count <= 5) 

3 printf ("\nNumber td", count) ; 

The variable count has been initialised to 0 instead of 1 in line-1. On entering the while loop condition 
part, count is first incremented to 1 by ++count (pre-increment) and then the condition is tested, The 
condition will remain True till ++count makes count=5 when the loop will be executed for the last time and 


Will print Number 5. Note that the curly braces for the body of the loop are also not used as we have a 
single statement to execute as part of the loop. 


In the previous example we have used the pre-increment operator as ++count. If we were to use the 
Post-increment operator as count++ then the program will have to be changed in the following way: 

1 int count=0; 

2 while (countt++ < 5) 


3 print£("\nNumber ¢d", count) ; 


In line-2 we have used the post-increment operator as count++. Therefore the increment will occur after 
checking the condition. When the condition will be tested for the first time, count will be equal to 0 which 
will satisfy the condition count<5. After testing the condition count will be incremented to 1 by count++, 
Thus the value of count that will be printed for the first time in line-3 will be 1 and not 0, Note that the 
equal-to sign has been removed and only < is used inside the condition. This is because to print 5 as the last 
number in line-3, count will have to be equal to 4 during testing of the condition, so that the ++ after the 


testing makes it equal to 5. If <= were used then in the next run of the loop the condition would have been 
satisfied and the output would have been 6 after the ++ operation on count in line-2. 


To find the factorial of a number using a while loop. 


i /*Program-43: To find the factorial of a number*/ 

2 #include<stdio.h> 

3 int main() 

4 { int num, count=1; 

5 long int fact=1; 

6 printf£("\nEnter number to find factorial: bas 

7 scanf("%d”, enum) ; 

a while( count <= num ) 

9 { fact*=count; / me as fact < ¢ seit 
10 ++count; 

i J 

12 printf£("\nThe required factorial of td is 1a”, num, fact) ; 
43 return 0; 

4) 

Output: 


Enter number to find factorial; 5 
The required factorial of 5 is 120 
The variable nur Is used to input the number whose factori i i 
ial is to be found. The variable count is used to 
count the number of times the loop has executed and hence has been initialised to 1. 
[he variable fact is declared as a tong int type data in line-5 and used for storing the value of the 
factorial, his is essential as the value of factorial | 


e Increases very rapidly and e i is larger than 
the range of a two byte Integer. Hence fact. has been taken asa Leny ane Pasa ner 
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variable fact has been initialised to 1 and not to 0 in line-5 
me i 


‘ B tO Initialisation is a must, otherwise 
gprecount or fact=fact*count will give an unpredictable value when used for the first time as the | 

pe value of €act IS calculated from the old value of fact by multiplyi 

es 


i ing it by count. \ 
alsed variable contains garbage or unpredictable value), ST ny esunt. (Remember that‘an 
ul 


she lo starts from line-8. The condition remains True as long as the value of the variable count 

mains less than or equal to nun. To calculate the factorial of num, the loop has to run num number of 
fines. For example to calculate the factorial of 5, the loop has to run 5 times, When the loop runs for the first | 
time, count=1 and the condition satisfies in line-8, Within the loop, the value of count i.e. 1 is multiplied | 
with the value of fact i.e. 1 to get the new value of fact as fact=1x1. | 


The counter is then incremented to 2 in line-10. The loop condition again satisfies. Within the loop, count | 
ie 2 gets multiplied with old fact to get the new value of fact as fact=1x2=2. count is next 


incremented to 3 in line-10. The loop condition again satisfies and now the new value of fact becomes equal | 
to fact=2x3=6. count is incremented to 4 and in the next iteration new value of fact becomes equal to | 


gact=6x4=24. This process continues till count becomes equal to 5 in the next step. The condition | 


catisfies for the last time and the new value of fact is calculated as fact=24x5=120, which is the value of | 
factorial of 5. The following diagram shows the procedure. 


| 
Before start of loop, fact=1, count=1 | 


| 
fact = 11 Old value of fact | ay 
8 _-—~ Current value of count 
a = 2 | Logic behind 
1 Iteration, old fact=1, count=1 new fact = 1 * _ a | finding factorial 
2 Iteration, old fact=1, count=2 new fact = 1 * 2 | 
Flteration, old Fact=2, count=3 newfact =2*3 = 6 | 
.~ min | 
4 Iteration, old fact=6, count=4  newfact =6* 4 = 24 | 
| 
5° Iteration, old fact=24, count=5 new fact = 24* 5 = 120 
—— — | 
End of loop, old €act=120, count=6 new fact = 120 


Loop ends as condition is False | 
Note that the value of old fact is always derived from the previous iteration. | 
We give below two more variations of the above program. 

1 


2 
2 


count=1; /*Second version of factorial pr 


while( count <= num ) 


| Different ways to 
fact = fact*count+t+; 


| find factorial 
In the above code, the variable count is incremented in the same line where it is used. This is done using the | 


Post-increment operator. After the product fact*count is made in line-3, the post-increment operator 
increments the value of count by 1 in the same line. | 


1 while( num>0 ) 


/*Thixcd version of factorial program | 


fact = fact*num--; 


In the above code we have not used the count variable but used the variable num as a counter. For num=5, | 
while condition is True when the loop starts. After the product fact*num is made in line-2, the post- 
decrement operator decreases the value of num by 1 in the same line (num-~-), So num now becomes equal 
‘04, The while condition is found to be True with num=4 and the loop body again executes. The process | 
Continues till the value of num is equal to 1. Line-2 runs for the last time. After that num-~ decrements the | 


Value of num to 0. When the while condition Is checked next, the condition num>9 i.e. 0>0 becomes False 
and the loop terminates. 


We give below a final version of the loop portion for the above program. Try to analyse the program on your | 
Own With the knowledge you have gained so far! | 
1 


While( num>0 && fact*=num-- );  /*Fourth version of 


rial program*/ 
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The next program Is used to find the value of x’, where x is a float type value and y is a whole number. 


To find the value of xY, using a while loop where x and y are entered by the user. 
J /*Program-44: To find the power of a number using a while loop*/ 


2 #include<stdio.h> 

3 int main() 

4 { float x; int y, count=1; 

e float power=1; 

6 print£("\nEnter base value: "); 
7 scanf (SE, 6x) 

8 print£(®\nEnter index value: "); 
rT seanf("8d”, &y) ; 

10 while( count <= y ) 

i { power = power*x; 

12 ++eount; 

13 } 


I4  printf(*\nThe required power is %£”, power) ; 
Is return 0; 
16 } 
Output: 

Enter base value: 4.3 

Enter index value: 4 

The required power is 17.2 
In this case the loop should run y number of times as xY means x multiplied y number of times. Like the 
previous problem, with each iteration x is multiplied with the old value of the variable power to get the new 
value of power. For example for x=4 and y=3, the loop should run 3 times. Each.time the value 4 gets 


multiplied with the previous value of power. Thus the steps involved are: 
__ Old value of power 


Before start of loop, power=1, count=1, x=4: power _— Value of x 


1= Iteration, old power=1, count=1 new power = power * x = 1*4= 4 
2” Iteration, old power =4, count=2 new power = power *x=4* 4= 16 


3” Iteration, old power =16, count=3 new power = power * x = 164 4 = 64 


f = 
4° Iteration, old power =64, count=4 new power = 64 Loop ends as condition is False 


We give below another variation of the above program which does not use the counter variable count. 
The logic of operation is similar to the previous one, 


while (y--) 
power = power*x; 


The last two programs are examples of series products where the final product is derived by successively 
multiplying the starting product with a variable or a constant term using a code like 
product=product*texm;, Like a serles product you can also have a series sum, where the final sum |s 


derived by successively adding the starting sum value with a variable or a constant term using a code like 
Sum sus teri ; 


In Lath Caves you must Initialise the starting product or sum value. Usually the product is initialised to 1 
aiid the sum Is initialised to 0 (exceptions can be there as per specific programming needs). 


Jeing while loop without the use of a proper counter variable: 


11 is nut always necessary ty use a counter to keep a count of the number of times the loop has run. The 
value Of 2 sullable variable Can be used to keep track of the number of times the loop has run and terminate 
the loop accordingly. The concept can be shown with the help of a set of problems that deal with the 
individual digits of an integer number. 
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the following program finds the sum of the digits of any number entered by the user 

. wile 100P- To do this, ie digits of a number are extracted one by one from the right of the number 

aN aged to get the final sum. The modulo operator (%) is used to extract the digits of the number as 

snthe program in the next page. 

an . " 

atin getting the sum, three basic steps (i to iii) are repeated. The algorithm for this is: ay 

check if the input number num is non-zero (for positive numbers). If so, | Algorithm to 
Get the rightmost digit of the number num by using remainder division operation (num%10) | &x\ act the digits 
__ use the digit obtained in step (i) as per the requirement of the problem (e.g. to get the sum) ofenlmney 
Reduce the number num by truncating the rightmost digit of the number using integer division 

(num/10) 

iv, Get back to step (a) 


te 
a 


pprogran-45: Getting the sum of the digits of a nunber*/ ey 
ginclude<stdio.h> 
int main () 
) (ong int num; 
int digit, sum=0; 
printé("\nEnter number to add digits: “); 
scanf("$ld”, &num) ; 
5 while( num > 0) 
5 {digit = num¥10; 
sum = sum + digit; 
num = num/10; 
) 
fj printe(*\nThe sum of the digits of the number is td”, sum); 


Finding sum of 
digits of a number 


return 0; 
By 
Output: 


Enter number to add digits: 258 
The sum of the digits of the number is 15 
let us analyse the above program with the input value 258, to understand the process: 
* Inline? the value to check is entered into the variable num. In our example, 258 is entered in num 


* The loop starting from line-8 is used to extract each digit from the number and add it to get the sum. 
4S 258 > 0, the while condition is satisfied and the program enters the while loop 


* Iniine-9 the variable digit = numt10 = 258%10 = 8 is obtained (remainder of 258 divided by 10) 
Inline-10 new sum = sum + digit =0 + 8 = 8 (as sumhad been initialised to 0 in line-5) 
\iné-11, the new value of num = num/10 = 258/10 = 25\s obtained (integer division of 258 by 10) 
ae last line inside the loop, the control goes back to line-8, and rechecks the condition. The 
is True as the new value of num Is 25 and 25>0 Is True. 

In line-9, digit = nums10 = 25%10 = 5/s obtained (remainder of 25 divided by 10) 
In lié-10, new sum = sum + digit =8 + 5 = 13 (as old value of sum=s from the last iteration) 
rch the new value of num = num/10 = 25/10 = 2 (result of integer division of 25 by 10) 
i ean goes back to line-8, where the condition Is True as new value of num=2 and 2>0 is True 
z eee = numt10 = 2%10 = 2 Is obtained (remainder of 2 divided by 10) 
c: rile sum = sum + digit =13 + 2 = 15 (as old value of sum=13 from the last iteration) 
Esti , the new value of num © num/10 = 2/10 = 0 (result of Integer division of 2 and 10) 

Qoes back to line-8, where condition becomes False as new value of num=0 and 0>0 is False 


* the final value of sum obtained is equal to the sum of the digits of the number 258 Le, 8+5+2=15. 
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The while loop is more suited for execution of a loop unknown number of times depending on 


5 Certai 
calculations or user input. In the last example, the loop continues as long as the number is rel 
depending upon the number of digits in the input value. The loop repeats different number of times mu 

“ 


different number of digits in the value checked. 


Another such example is to repeat a certain portion of code depending on whether the user wants to 


* a _ rey 
it, as demonstrated in the program below (though such code is better suited for a do-while loop), Peat 


Z /*Program-46: Repeating a program*/ 

2 = #include<stdio.h> 

3 int main() 

4 { char repeat="y'; 

E float num; 

6 while( repeat==’y’ || repeat= ) 

7 ( print£(*\nEnter any decimal number to square: “); 
& scanf(“8£", &num) ; 

9 print£(“\nThe square of %f is $f”, num, num*num) ; 
10 puts("\nPress ‘Y! to repeat with a new number or any other key to exit."); 
qu f££lush (stdin) ; 

12 repeat = getchar(); 

pes } 

is return 0; 

is) 

Output: 


Enter any decimal number to square: 6.2 
The square of 6.2 is 38.440000 
Press ‘Y’ to repeat with a new number or any other key to exit. 


z 

Enter any decimal number to square: 5.9 

The square of 5.9 is 34.810000 

Press ‘Y’ to repeat with a new number or any other key to exit. 
e 


The above program is used to calculate the square of a number as many times as the user wants, without the 
need to restart the program each time. The condition of the while loop checks the value of a character type 


variable called repeat. In case the value of repeat is 'y’ or ‘y’, the condition of the loop gets satisfied. The 
variable repeat is first initialised to ‘y’ in line-4 to enter the loop for the first time. Subsequent runs of the 
progrem depend on the input of the user to the prompt to repeat in line-10. 


As long as the user types 'y’ or ‘y’, the while condition gets satisfied and repeats the section of the code 
from line-7 to line-13. (Note that the logical OR operator has been used inside the while condition to test if 
the user has entered ‘y’ or ‘y’, for both of which the condition should be True). The user prompt is entered 
using the getchar () function in line-12. Note that the flush (stdin) function has been used in line-11. 


Note: Instead of a character type prompt, one can use an integer type prompt with values 0 and 1. 


You can also have a valid while loop without a proper loop body as shown below: 
J int 26; 

2 while( x-- ); 

3 print£("x = 4d”, x); 


In the above code note that a semicolon has been placed after the while header. This implies that oe 
‘3 no loop body and the loop ends at line-2 itself. The loop header functions as the loop body and the *° 
cone decrements at each run of the code till it becomes zero, when the loop stops (as 0 is taken a5 False): 


j nested while loops ae 


Nren ord 
nen one loop control structure is placed within another one, then the inner loop is called & 


preg sysaben eta! seis prints a simple right angled triangular pattern on screen 
nes + m 
was. For the rEbestH line loop and based on the number of lines to print as input by the 


Sas 4, the program should print: 
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as-t7; use of nested while loops 


to print 
rane Patterns/ 
pynoinaeeh 


gain() 5 Program to print 
int count=l, Ji simple trianglt 
( jnté ¢\MEMEEE the number of lines to print; 
c 
aa", &n)i 
=n) his Looy liod t 


pattern 


he number of Lines*/ 
eh 
ynile( 
{ peinte('*') 7 


j <= count) f° \ 


coon 


) 
peinté("\n") i PYantf() prin vow Lin j t 


++count; 


) 
return 0; 
ey 
output 
moter the number of lines to print: 5 


” 
sent 
roo 


Lre6 enters the number of lines of the pattern to print, Let us analyse the program for number of lines as 5. | 
Tre count variable declared in line-4 is initialised to 1. It will be used to count the number of lines printed. 


Tre outer while loop in line-7 is used to count the number of lines printed and checks the condition to see if 
te required number of lines have been printed or not. To start with, as count=1, and n=5, the condition is 
Tue and the control enters the outer while loop. 


Wain the outer loop in line-8 a variable 3 is initialised to 1. It counts the number of stars printed in a given 
re The inner while loop of line-9 is used to print the number of stars depending upon the line number. 


count=1, and j=1, the inner while loop condition j<=count is True and the printf () statement 
10 prints a star, the variable 3 is next incremented to 2 in line-11. With j=2, the condition of the inner 
vile loop becomes False and the inner loop terminates. The printf () statement of line-13 then prints a 
‘=v line to move to the next line. The line counter count is thereafter increased by 1 in line-14. 


program control goes back to check the condition of the outer while loop. With count=2 and n=s, the 
nis found to be True and the control enters the outer while loop again. 


Str count variable 3 is again initialised to 1 for the second line of stars, With count=2 and j=1, the 
hile loop condition becomes True and the printé() statement of line-13 prints a star in the second 
“© The variable 3 is incremented to 2 in line-10 and the Inner loop condition checked again. With count=2, 
*< 482 the condition is True again and the printé () statement prints the second star (*) in the second 
“<The variable 4 is incremented to 3 next. With count=2 and 3=3, the inner while loop condition 
© False and the inner loop terminates. The print () statement of line-13 prints a new line. The 
count is incremented to 3 next and the outer loop condition rechecked. 
{ ‘Sway for the first 5 runs of the loop, the variable count will get Increment by 1 and have the values 1, 
. 5. For each of these values, the Inner while loop will run that many number of times to print the 
* Thus when count=3, the inner loop will print 3 stars, when count=4, the inner while loop will print 4 
“Sd so on, After printing every line of stars, the print () statement of line-13 will introduce a new line 


th 
‘a the next line of stars starts printing from the next line, 


& ‘at the variable 4 has been initialised within the outer loop. The reason for this Is that, every time the 
“hile loop runs, the variable 4 gets changed and needs to be Inltialised to 1 again for the next 


lon of the outer (oop. 
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Part 1: Chapter 11 


The break statement is used to forcibly come out San 

of a program loop bypassing the normal loop 

condition test or to terminate a case in the | 

switch statement (as discussed in the last chapter). Statements Looper 
The program control comes out of the loop on the i 


execution of a break statement and the statement 
immediately next to the loop gets executed. 


¢ Condition False 
The flowchart on the next page explains the working 2 
of the break statement. The condition to break out 
of a loop is generally checked using an if statement. { True 
Usually if the condition becomes True, the control Statements 


comes out of the loop and if it is found to be False, it 
continues to execute the loop. 


{ 


In case of nested loops, the control comes out of the Condition Truer 
Joop in which the break statement is located and not 2 —> break 
from all the outer loops. Thus if the break is 
executed within the inner loop, it will come out of the } False Statements] 
inner loop into the outer loop. Statements - 
The following example illustrates the use of the Pa 

ip 


break statement to find the sum of an arbitrary 
number of positive values input by the user. 
1 /*Program-48: Use of break statement*/ 
2 #include<stdio.h> 
3 int main() 
4 { ant count=0, num, sum=0; 
5 printf("\nEnter numbers to add. (Enter a negative number to end list): ”); 
6 while (1) 
{ sean€("$d", &num) ; 
8 if (num<0) 
9 break; 
i sumt+=num; 

++count; 

’ 

printf((*\nThe sum of td numbers is ¢d”, count, sum); 
return 0; 


ial numbers to add. (Enter a negative number to end list): 


-l 
The sum of 3 numbers is 18 
In linet 


we have Us i 

bes a aa Bs i infinite white loop i.e. a loop whose condition part is always True, tO enter the 

nurrites is entered, the ail sree to end if someone enters a negative value in line-7. If a posit 

LE aed, the condition in line-B gets False and the control goes to line-10, skipping line-9 and adds 

extered,  weremented, in tne-11 A counter variable count, used to keep track of the number of values 

ie, 6 weresested in \ne-11, Aer this the contro goes back to line-6, where the condition wna (i 
4 7+ rue, the control again enters the body of the loop. The loop goes on repeating in this way till 


ie waar erlars : a 

yea oats wise he anon ral the condition in line-8 gets True and hence the break statement 
“ es the t 

loop and prints the wal eum in line-13 Programn control out of the loop to line-13, skipping the rest of 
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r@ CON 
gp ye statement is used to take the 
noe the beginning of the loop, 


Start 

trol tain statements within the 
“sid ie An if statement within the | 
wy af vs foop is used to check some Statements = Loop Part 
rai. he condition becomes True, the | / 
yf control skips the rest of the 
nar ts within the body of the loop and Caiiditlan False 
aac to the beginning of the loop. 2 
goes checks the condition again. 
Laid | ioni | True 

jowchart on the right shows the functioning 
Toe cont ince statement in general. continue Statements 
sees the break statement goes out of the { 
in f : 

the continue statement continues to True . 

Sethe loop, skipping some statements, Statements <— Sonditian 
ze folowing program piece illustrates the | False Statements 
yoking of the continue celia = print Statements ; { 
add a from 1 to a number as entered by Glen 
peuser. 


Jeprogram-49: Example of continue statement*/ 
#include<stdio.h> 
int main () 
{ int count=1, odd=0, n; 
printf ("\nEnter the number up to which to print odd numbers starting from 1: "); 
£  seanE("td”, &n) ; 
while( count<=n ) §—————— 


7 
{ 4£(count’2—=0) || Incase the /fcondition is True, the program control 
tadeoants || goes to the condition part of while statement again, 
Souaky || skipping the remaining part of the loop body 
continue; —-—————~ 


} 
print£("\ntd”, count) ; 
+tcount; 
+todd; 


2 Print£("\nTotal number of odd numbers printed is %d", odd); 
Teturn 0; 


pate the number up to which to print odd numbers starting from 1: 8 
3 
5 
7 
1 


‘otal number of odd numbers printed is 4 
Me a up to which the odd numbers are to be printed is entered in line-6 in the variable n., The counter 
able 


bin count has been initialised to 1 in line-4. It is used to run the loop n number of times, The while 
MO Con 


be ition compares the value of count and the value of n. As long as the condition is True, the loop 
MES tee, 


Viti i 

is cae '00p in line-8 the i condition checks if count value is odd or even by using remainder division 

= ion, Tf the condition becomes True, it implies that the count value is even. In that case within the if 

Wh 7 liné-9 the count value is incremented by 1 and in line-10 the continue statement forces the 
1 


Feteme ontfol to skip the part from line-12 to 14 and again check the condition part in line-7 with the 
Tented value of count. 
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the EERE 

statement is used 

| | to skip a certain 
portion of the 
loop code and go 
to the loop 

| header directly. 


Part 1: Chapter 14 


\ In case the if condition is False, the continue statement is not executed and the lines-12 to 14 get 
executed and print the odd count value. In that case the count value is incremented in line-13. Another 
variable called odd is also incremented In line-14. It is used to count the number of odd values printed. 


| 
| 
| When the loop terminates, the value stored in the odd variable is printed in line-16. 

| Difference between a break and a continue statement 


| Break Continue . 3] 
A break statement is used to come out of the loop in | A continue statement is used to skip execution of 
| which it is placed In case certain conditions are satisfied. certain portions of the loop for certain conditions and 


continue for other conditions, Shee ene 
A break statement takes the control out of the loop in | A continue statement takes the control to the 


which it is placed. beginning of the loop, skipping certain portions, 1 
| | Eg. while( x++>0 ) Eg. while( x++ <100 ) 
{ if(x==100) break; { i£ ( x>50 && x<75_) continue; 
__printf£ (“\ntd", x) ) a printf ("\ntd", x) ;) fe 
Ge | RE WHI LOO p a ea rs toe erie ta c See ag 
e hile loop | The do-while loop is similar to the while loop in that it 
| continues as long as the condition remains True. But the main Start 
| difference is that, while the while loop may or may not execute | 
at all depending upon the condition, the do-while loop will ‘Stataments eilteopad 
execute at least once before testing the condition. The reason Pp 
| is apparent from the flow chart depicting the structure of the | 
; | do-while loop. Statements 
aad The condition in a do-while loop is tested at the end of | 
The TERT || the do-while block and hence the block will execute at least 
is an exit once before testing the condition, It is thus an exit controlled False 
; rd Condition 
controlled loop i.e. || loop structure. The syntax of the do-while loop is: 2 = +4 
it checks the 
iti | State ts 
pe 9 | Anitialise loop counter; /!optienul*/ Tie ei 
do { statements; 
f ; Body of the loop | {Stop 
| increment loop counter; / 9p!) 01 (| lndlested by | 
wee 4 | enclosing them 
} while (condition) ; within the curly 
braces {} 


Semicolon after the while condition 


The following program inputs a temperature in the Kelvin scale and converts it to Celsius scale, The input is 
tested for validity (i.e. greater than or equal to 0) using a do-while loop. 


J /*Program-50: To enter and check for a valid input using do-while loop*/ 
2 finclude<stdio,h> 

5 int main() 

4 {float Ktemp, Ctemp; 

5 int check=1; 

6 do ( if (check==1) 

z pute("\nEnter value of temperature in the Kelvin scale: “); 
4“ else 

9 puts("\nPlease input a valid temperature!") ; 

1 weant (+f, GKtemp) ; 

4 check=0; 


while (Ktemp < 0); 
Ji Champ © Keamp - 274; 
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printe (VMN Kelvin = $f degree Celsius”, Ktemp, Ctemp) ; 
0; 
return 


variable Ktemp is used to input the temperature in Kelvin scale, which has to be a Positive value. The bs 

or variable check is meee to check whether the do-while loop has been executed once or not and is | The code in a do- 
jitiaised to. 2 In line-5. The do-while loop starts in line-6,. After entering the loop body the program while foop will 
ynters the a£ statement in line-6, As the value of J initiali the condition of the 3 
gf statement becomes True in line-6 and the program prints Enter value of enoeraice in the 
yin scale:. Next the program goes to line-10, skipping the else statement and inputs the 


e 


ferperature using the seanf () function. In line-11 the 


suppose the user enters a positive value as required. Then Ktemp > 0, and hence the condition in line-12 be 
becomes False and the program control goes out of the loop to calculate Ctemp in line-13. 


A do-while loop 
jncase someone enters a negative value then Ktemp<o and the while condition in line-12 becomes True. oe es 7 ae 
Tus the program control goes back to the start of the loop i.e. to line-6. However now the if condition Pte within a 
becomes false as the variable check had been re-initialised to 0 in line-11. Thus the else statement gets 


: iven range of 
executed and the program prints Please input a valid temperature! i.e. a different prompt. The alias 


[yinput 


pew Value of Ktemp is again input in line-10 and the condition tested in line-12. As long as the user inputs a 


negative value, the condition will be satisfied and the loop will go on repeating. Whenever the user inputs a 
positive value the do-while condition becomes False and the loop terminates. 


[Reretore to test for a valid input the condition of the do-while loop should be just the reverse of the 
required or valid input. 


Inq@se one does not use different prompts for an invalid input, then the loop can be simplified as shown 
below, without using the check variable. In this case if someone enters an invalid input then the 
condition becomes True but the program prints the same prompt “Enter value of temperature in 
the Kelvin scale:” as it had printed in the first run. 


do { puts("\nEnter value of temperature in the Kelvin scale: ”); 
iB: seanf("%£”, &Ktemp) ; 
c} } while (Ktemp < 0); 


We had said that the do-while loop is most suited for cases where the loop needs to run at least once. 
One such case is to find the HCF (or GCD) of two numbers input by the user as discussed below, 


/*Program-51: To find the HCF or GCD of two numbers using do-while loop*/ yy 
#include<stdio.h> a 
int main() BSP or : 
{ int divisor, dividend, rem, hcf; numbers 
Print£(“\nEnter numberl: ”); 
Scant ("td”, &dividend) ; 
Printf£("\nEnter number2: “) ; 
scanf("td", &divisor) ; 
do{ rem = dividend % divisor; 

dividend=divisor; 

divisor=rem; 

} while(rem != 0); 

hef = dividend; 
Printf(™\nThe required HCF = %d”, hcf); 
return 0; 


bl 
2 
3 
4 
w 
6 
7 
é 
g 


1D 
uN 


6) 
Enter numberl; 90 


ter number2: 36 
required HCF = 16 
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j jorithm used for calculating diviesr (2) Cl civtssei 
the ea of two numbers is shown mm - dividend made ate 
| on the right for numbers 90 and 36. 36 | 90° | 2srguotam (36) 90 2 | Mvideng 
First the dividend (i.e, 90) is = 72 wars = 72 - divideng 
divided by the divisor (i.e. 36) to ae aa fae 3 
get a quotient of 2 and a remainder Required hof = 36 
rem of 18 (It does not matter oa em 
which is greater). 


| The process of division is repeated till we get a 0 remainder. In doing so, in step (2) the divisor of 
the last division is made the new dividend and the remainder rem from the last division is made the new 
@ivisor and the division performed. This time we get a 0 remainder and hence we stop the division, 
The required he¢ is the current divisor i.e. 18 in this case (for which rem=0). 


The algorithm shown above is followed in writing the above code. After entering the dividend and the 
divisor in line-6 and 8, the program enters the do-while loop. Within the loop the remainder rem is 
obtained by using the remainder operator in line-9. Next the new dividend is obtained in line-10 by 
assigning it to the old divisor. Similarly the new divisor is made equal to the old remainder rem jn 
line-11. Finally the condition is tested in line-12. As we had said, the process of division would continue 
till we get a O remainder. Hence if rem!=0, the condition becomes True and the loop is repeated as in the 
first step of our example with the numbers 36 and 90 and a remainder of 18. 


When the loop is repeated for the second time, the value of remainder rem becomes 0 in line-9 for the 
divisor=18 and the dividend=36. Next in line-10, the new dividend is made equal to the old divisor 
ie. 18. Hence now the dividend contains the value 18. Next in line-11 the divisor is assigned the 
value of rem i.e. 0 in this case. When the condition is checked in the next line i.e. line-12, it is found to be 
False as rem=0 now and the loop terminates. 


From the algorithm we find that the required he£ is 18 as we got a remainder of 0 in this case. This divisor 
value is however stored in the current dividend vide line-10. Hence the value of the dividend is now 
assigned to the variable he¢ in line-13 and printed in line-14. 


Difference between while and do-while loop 


While Do-While 
In a while loop the condition is checked first In a do-while loop the body of the loop is executed first 


and then the body of the loop is executed. and the condition is checked at the end. 
The body of a while loop may or may not be The body of a do-while loop is executed at least once 
executed, depending upon the condition. as the condition is checked at the end. 
Structure: while ( condition ) Structure: do { statements; 
{ statements; } } while (condition );__ | 


There is no semicolon after the while condition. 
€g. while( “++<100 ) 7 ~ 
printf ("\n %d”, x); 


‘There is a semicolon after the while condition. 
e.g. do(puts (“Enter +ve no.”); scanf(%%d”, &num) ; 
} while (num < 0); 


Tne most important and widely used of the ne 

loop structures is the for loop. It can be used in { pe Leon bart 
place of the while or do-while loops with Initialise counter 

proper modification. { 

Tne flowchart on the right shows the 

functioning of the for statement. The counter Condition 

intalisation, condition testing and counter . 

moatication — all can be done within the header J 

wornon of the for loop. 

The for \oop is normally used to run a loop aL Modify counter ia 


fixed nurniber of times t i 
fs 
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Semicolon after each part and NOT a comma 


é statement executes in the following stepwise manner: 
The loop counter is first set to an initial value 
Next the loop condition is tested 
If the condition is found True, the body of loop is executed 
Next the loop counter is incremented/decremented i.e. modified 
The condition is again tested and if found True then body of loop is again executed 
The process is repeated till the condition becomes False 


{et us now repeat the problem of finding the factorial of a number, but now by using a for loop. 


finclude<stdio.h> 
ant main() 


{ int num, i; 


4 
5 long int fact=1; 

6 printf("\nEnter number to find factorial: "); 
8 

9 


scanf (“td”, 


&num) ; 
issnum; i++ ) 
= fact * i; 


10. print£("\nThe factorial of #d is %1ld”, num, fact); 


Bhi return 0; 
2} 


Output: 


Enter number to find factorial: 3 
The factorial of 3 is 6 


(sProgram-52: To find the factorial of a number using a for loop+/ 


‘The functioning of the above program is shown by the diagram below. The for loop starts in line-8. Since the 
Sody of the loop has a single statement, we have not used the curly braces to enclose the body of the loop. 


The counter generally used in a for loop is taken as i. 


‘The numbering below shows the sequence in which the program is executed. The variable 4 is initialized to 1 
@ the beginning of the for loop in line-8. Next the condition is checked. If the condition is found to be True 
%e body of the loop gets executed in line-9. Next the loop counter variable i is incremented by the 
Satenent i++ and the condition is again tested. If the condition is found to be True then the body of the 
0p gets executed, This process continues till the condition becomes false when the loop is ended. 


Cx) 


i i<snum; i++#) 


— 


© 0 


for (i=1; i<snum; i++) 


Qizct = fact * i; 


4 
| num = 3 


<= nur TRUE 
fact = 4 


i=2 

num=3 

i <= num TRUE 
fact=2 


© © 


for(i=1;)i<=num; i++) 


@ 


for(i=1; i<=num; i++) 


@iccr = ace + 1: 


num=3 
i <= num TRUE 
fact=6 


fer) 

num = 3 

1 <= num FALSE 
Exit Loop 


The three Sections in the for header are optional and may be selectively omitted if not required. 
er, the two semicolons must be kept. Thus the following piece of code is perfectly correct: 


int i=1; 
for( ji<ml0; ) 


(printf ("\ntd”, 4); 


+47) 


ig initialieed to 1 out 


/*Loop counter i 
/*Loop header contains only the condit ior 
/*Loop body exacutas loop code*/ 

/*Loop counter incremented at the of 
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The next program finds the sum of the terms of an A.P. series up to a certain number of terms. 


4 /*Program-53: To find the sum of an AP series using a for loop*/ 
| 2 #include<stdio.h> 
3 int main() 
4  { float sum=0, term, ft, cd; 
| 5 int n, i; 
| 6 print£("\nEnter first term of A.P.: "); scanf(“S£", &£t); 
7 print£("\nEnter common difference of A.P.: ");  scanf("8£", Sed) 
| 8 printf (“\nEnter number of terms to add: ”) ; scanf("td”, &n); 
9 term = ft; 
10 for( i=1; 
| u { sum 
12 term += cd; 
| 4 ) 
14 print£("\nThe required sum up to td terms is %0.2f”, n, sum); 
Is return 0; 
16) 
Output: 


Enter first term of A.P.: 1.5 

Enter common difference of A.P.: 2.5 
Enter number of terms to add: 10 

The required sum up to 10 terms is 127.50 


In the above program note that the variable term is initialised with the value of the first term £t in 
line-9. This serves as the value of the first term that is added to the variable sum in line-11, The new term is 
then calculated in line-12 by adding the current term with the common difference ed. The loop counter is 
then incremented by i++ and the condition tested again. If found True, the new sum is calculated in line-11 
by adding the newly generated term to the previous sum. This continues till the condition becomes False and 
the loop is terminated. The final sum up to n terms is printed in line-14. 


Difference between a while and a for loop 


| The while statement is usually used to perform 
| an operation for an unknown number of times. 


While im For a 


The for loop is usually used to perform an operation a fixed 


The condition portion of the ‘while’ statement 
_contains only the condition to be satisfied. 


number of times. | 
The condition portion of the ‘for’ statement can contain the 


Structure: 
while( condition ) 
{ statements; } 


initialisation, condition and counter increment. —— 

‘Structure: 

for(initialise counter; condition; modify_counter) | 
{ statements; } 


E.g. while( x++<100 ) 
‘int£("\ntd", x); 


E.g. for( x=0; x<100; x++ ) 
printf ("\ntd”, x); ; 


i forloops 


Wie had earlier seen the nesting of while loops. The next example demonstrates the use of nested for [0oP: 


Calculate the value of the series e* given by: eX = 1 + x/(1!) + 2 /(2!) + x3/(3!) + x/(4!) +... ton terms. 


Winclude<stdio.h> 
int main() 
{ int n, 4, 4, ki; 


peinef("\nInput the value of x: 
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/*Program-54: To find the value of e* 


float @ = 1.0, x, power, factorial; 


* using a nested for loop*/ 


Au starting vals wv 


"Yi scant ("#E", gx); 
printf ("\ninput number of terma to include: 


"i; 


is of Computer Science 
en 
wai Using Loops in C 
scant ("80", &n); 
6 gor(ieti isms i++) /*Outer for icop ¢ - 
9 { power = 1; factorial = 1; Cn enamey OS RQ E pa melsiedds / 
q for (j=l; 3<4; 54+) i Fou dk 
f A 
for(k=1; k<=i; k++) 
2 A cehty teeecectie loop to calculate the factorial*/ 
i e += power/factorial; ee tbin ie 
a to existing value of e*/ 
7 } 
7 printf ("\nThe value of e*x up to %d terms is SE", n, e); 
yg return 0; 
yw) 
Output: 


Input the value of x: 1 

Input number of terms to include: 10 

the value of e*x up to 10 terms is 2.718282 
Output2: 

Input the value of x: 2 

Input number of terms to include: 4 

The value of e*x up to 4 terms is 6.333333 
The nested loops used in the program are highlighted below: 


9 for(i=1; i<n; i++) — 


10 { power = 1; factorial = 7 Outer forloop 

4 for (Jeti Sent ste ~ |). Inner fortoop-1 to calculate the power 

2 power = power*x; 

B for (k=1; k<=i; k++) — _ 1 : 
r ulate the factorial 

4 taaborteleeeee teeta ites | ———" ner forloop-2to onlo 

co e += power/factorial; i Single statement within Inner for loop 

16 pee ae - i earnactag_) 


let us now examine the 
functioning of the above program 
Section by taking the number of 
terms to calculate the sum as 4 i.e. 
n=4 and the value of x=2. 


The first term of the series i.e. 1 is 
taken care of in the initial 
Value of e in line-5. We find that 
€xcepting the first term, all 
r terms of the series follow a 
Cetain pattern. If we take the 
Second term of the series i.e. 
111! 3s term number 1 then the r term of the series can be written as: x"/ (r)! 
Accordingly th f the next terms are being carried by the subsequent for loops following this 
AN. Siren Iecoen vatiee! to 1 (first term), the number of terms counted by 4 goes up to (n-2) in 
Outer for loop hence the condition is i<n and not i<=n in line-9. 
AE each run values of the variables power and factorial (taken as a float to 
Sapna large eee fectial) are calculated based on the term eae For example when dat 
"6 for tern number 1, x1/1! Is calculated. For i=2, i.e. for the second term x?/2! is calculated. For i=3, 
Paris calculated and so on. After the calculation of a new term, it is then added to the existing sum stored 
Variable e to get the new value of e. Let us analyse the program for n=4. 


[Ron] ti] tectorial [k] power [ e=0 spowaractort | 
Pefee] ee [sf ree | eames | 
4 7 : 


2) 1*2*2*2=8 


3 


3|2| 1*2*3=3! 
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1. In line-9 the outer gor loop starts. This loop is used to count the number of terms to add. 

2. In line-10 the variables power and factorial are initialised to 1. 

Line-10 and 11 form the first nested for loop used to calculate the power of x for that term. When i=1 
the 5 counter will run only once and power = power*x statement in the fox loop calculates x1, 

4. Line-13 and 14 form the second nested for loop that is used to calculate the factorial for that term, 
When i=1 the k counter will run only once, and hence the factorial = factorial*, 
statement in the for loop calculates the factorial as 1. 

5, Line-15 then adds the new value of power/factorial to the existing value of e. 

6. The program control then goes back to line-9 where the counter 4 is incremented to 2 and the code 
from step2 above is again repeated. This time since i=2, the } for loop will run twice and calculate 
x2, Similarly the k for loop will also run twice and calculates the value of 2!. Line-15 then adds the 
current value of power/factorial toe. 

7. The-program control again goes back to line-9 where the counter i is incremented to 3 and the code 
from step2 above is again repeated. This time since i=3, the j for loop will run thrice and calculate 
x3, Similarly the k £or loop will also run thrice and calculates the value of 3!. Line-15 then adds the 
current value of power/factorial to e. 


8. After this, when i is incremented to 4 in line-9, the condition becomes False and the loop is ended, 
Line-17 finally prints the final value of e*. 


Go to page P1-11-35 for a more efficient code to find e*. 


mma operator: 


The comma operator in general allows two expressions to appear at a place, where otherwise only one 
expression would have been used. The general syntax of the comma operator is: 


for (expression_la, expression_1b, 


expression_2; expression_3a, expression_3b, ..) 


Multiple initialisations | | Single Condition | if Multiple modifications 

The expressions expression_1a, expression_1b, etc. separated by commas are used to initialise different 
variables simultaneously within the loop header. Similarly expressions expression_3a, expression_3b, etc. 
separated by commas are used simultaneously within the loop header to modify the variables, Though 
multiple statements can be used in the initialisation and in the modification portions, but usually only one 
test expression or condition is used, as given by expression_2. The single test expression can however 
have conditions connected by logical operators. The following program shows use of comma operator. 


Calculate the value of sin(x) given by sin(x) = x/(1!) — (x3)/(3!) + (x5)/(5!) - (X)/(7!) + 0°)/(91)--- 
‘J /*Program-55: To find the value of sin(x) using a nested for loop*/ 

2 #inelude<stdio.h> 

3 int main() 

4 {int a, 4, 4, k, sign; 


float sin = 0,0, x, power, factorial; 


print£("\nInput the value of the angle x (in radians): ") 
7 weant ("4E", bx) 
printf£("\nInput number of terms to include: * 
¥ seant("%td", bn); 


ve 
for(iel, sign=1; ican; itt, wign t= -1) 

MH { power = 1; factorial = 1; 
for (jeli 4<=2"i-1; 444) 


Power © powartx; 

M4 forlhel; kKeapey 1, kaa) 

/ factorial © factorial tk; 
ie ein 4© wign*power/factorial; 


v7 ) 
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\nThe value of sin(%f) up to %d terms is $f" 


Fi peinté("\ Xn, sin); 
return OF 
oo! 

ts 

japut ‘the value of the angle /x) (in) radians)/:0\ 523598 

input number of terms to include; 10 


ne value of 8in(0.523598) up to 10 terms is 0.499999 


is similar to the previous i 
above program Is Stim - és Program i.e. program-54. Note the use of com 
Ke 40 to initialise variables i and sign to 1 and to modify them again using the i++ sia ae ieee 
gatements. Also note that the condition i<=n is used to count the number of terms already added. 


the series we find that the power of x and the factorial value for that term are the same. Moreover 

wer forms an A.P. series 1, 3, 5, 7 etc. whose i® term is given by (1+(i-1)*2) = 2*i-1. Thus 
the 3 counter in the for loop in line-12 and the k counter in the for loop for line-14 go up to 2*i-1. For 
sample if i=3, ie. for the third term, 3 and k will go up to (2*3-1) =5 i.e, will calculate x5 and 5!. 


from the term values, the sign of the individual terms also alternate starting from a positive sign. 
for this we have taken a variable called sign which is initialised to 1 in line-10. At the end of execution of 
the outer loop, sign is modified by multiplying it by (-1) using the sign*=-1 statement in line-10. Thus if 
sign-1, it will get converted to (-1) and if it is (-1), it will get converted to 1. This sign value is 
ruliplied with the term and added to the existing value of sin in line-16. Remember x is in radians. 


Go to page P1-11-36 for a more efficient code to find sine(x). 


The following program piece shows what happens when the comma operator is used in the test- 


condition checking part of a loop. 


/*Program-56: Use of comma operator in the test condition*/ 
finclude<stdio.h> 
int main() 
{int i, j, m=7, n= ; 
for( i=l, j=1; isem, j<=n ; itt, j++) 
printé("\n i=td, j=#a", i, 5)7 
return 0; 


ean eee 


fom the output we find that the loop runs based on the condition 3<en, the second condition, with the value 
fne5, The first condition i<=m is ignored. Jf we reverse the position of the conditions in line-5 as shown in 


the following code, then the output becomes: 


3 W sor, i=1, j=l; j<en, isqm 5 itt, att) 


6 x 
print£("\n i=td, eta", 4, vv: 


del 
1 352 
+ 353 
1 j=4 
, 385 
» 356 
a=7 


We find that again the second condition i<=m is tested and the first conditlon Is ignored as in the last case. 
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amples | Dawes ies 


8 worked out 


Reverse a number input by the user and check if it is a palindrome. 


zy 


/*Program-S7: Reversing a number and checking if it is a palindrome*/ 


L 

2 ~ #include<stdio.h> 

3 int main() 

4  { long int num, copy, sum=0; 

a int digit; 

6 print€("\nEnter number to reverse and check: “); 
? scanf(“&ld", &num) ; 

8 copy = num; 

a while( num > 0 ) 

10 {digit = num%10; 

a sum = sum*10 + digit; 

12 num = num/10; 

13 } 

i4 print£(“\nThe reversed number is %1d”, sum); 
Is if (copy == sum) 

16 printf£(“\nNumber is a palindrome”) ; 

16 else 

18 print£("\nNumber is not a palindrome”); 
19 return 0; 

20 } 

Output1: 


Enter number to reverse and check: 152 
The reversed number is 152 
Number is not a palindrome 


Output2: 
Enter number to reverse and check: 25752 
The reversed number is 25752 
Number is a palindrome 


To reverse a number we simply take out each digit from the right of the number one after the other using 
the remainder operator and follow the procedure as indicated for the number 152: 


* In line-7 the value 152 is entered into the variable num. The same is copied to copy in line-8 

* Inline-9, as 152 > 0, the while condition gets satisfied and the program enters the loop 

© In line-10 digit = num%10 = 152%10 = 2 is obtained (remainder of 152 divided by 10) 

« Inline-11 sum = sum*10+digit gives sum = 0*10+2 = 2 (as sum has been initialised to 0 in line-4) 
+ In|ine-12, the new value of num = num/10 = 152/10 = 15 (result of integer division of 152 by 10) 
« Control goes back to line-9, where condition is True as new value of num=15 > 0. 

+ Inline-10 digit = num%10 = 15%10 = 5 is obtained (remainder of 15 divided by 10) 

« In line-11 sum = sum*10+digit gives sum = 2*10+5 = 25 (as previous value of sum=2) 

+ In line-12, the new value of num = num/10 = 15/10 = 1 (result of integer division of 15 by 10) 

* Control again goes back to line-9, where condition is True as new value of num=1 is > 0. 

+ In line-10 digit = num%10 = 1410 = 1 Is obtained (remainder of 1 divided by 10) 

+ Inline J) sum = sum*10+digit gives sum = 25*10+1 = 251 (as previous value of sum=25) 

+ Inline 12, the new value of num = num/10 = 1/10 = 0 (result of integer division of 1 by 10) 


* Control again goes back to line-9, where the condition becomes False as new value of num=0. 
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ote one eae Degree ee 8 251 ht thee 
if Cl inal value of ni i i i 
», Tes um as stored in the variable 
15 nat. In case of a palindrome the reverse and the original value would be the same (ee ae fe 
ee 95752). In this case 251 and 152 are not iden sneak 
wu! 


s cas tical and hence the if conditi 
heels? statement prints “Number is not a palindrome”, . iene 


ve that You have to keep a copy of the original number to compare it with the calculated sum later. This is 
pecause the while loop statement num=nun/ 10 will reduce the original value of num to 0 when the loop 
ands. Hence the result of the Comparison with the original number will always be False. If a copy of the 
viinal number is kept, then the copied number can be compared with the sum to check the condition later. 


k if a number is such that th i igi i 
program to checl e sum of the factorial of digits of th 
equal to the number (also called a Facterone). For example 145 = 1! + 4! +l seca 


}  /*Program-58: Check if a number is a Facterone*/ | ay 

2 #include<stdio.h> | 

3 int main() | Checking for 
i Facterone 

4 {long int num, copy, fact, sum=0; 

5 int digit, count; 

6 printf(“\nEnter number to check if it is a Facterone: "); 

7 scanf(“$1d”, &num) ; 

8 copy = num; 

9 while( num > 0 ) 

10 (digit = num$10; 

It fact=1; 

2 count=1; 

B while( count <= digit ) | 

4 {fact = fact*count; 

5 count++; 

16 } 

D sum = sum + fact; 

8 num = num/10; 

w } 

0 if (copy == sum) 

a print£("\nNumber is a Facterone”) ; 

2 else 

3 print£("\nNumber is not a Facterone”); 

4 | return 0; 

3h 

Output: 


Ester number to check if it is a Facterone: 143 
(Munber is a Facterone 


: | 
(Biter number to check if it is a Facterone: 214 | 
\Wusber is not a Facterone 


The digits from the input number are extracted using the outer while loop of line-9 using the code | 
4igitenums10, The inner while loop of line-13 then calculates the factorial of the extracted digit. The | 
I is then added to the sum in line-17. 


Note than the variables fact and count are initialised in line-11 and 12 respectively within the outer loop. 
This Is because every time a new factorial is calculated with a given digit and added to the sum, the variables | 
fact and count need to be re-initlallsed to 1 to use them for calculating the factorial of the next digit. If 
these are initialised outside the outer loop, then they will retain their value after calculating the factorial of the | 
st digit and will give a wrong result when the factorlals of the subsequent digits are calculated. ) 
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The following program uses the for loop to print a conversion table from Centi 


igrade to Fahrenheit, the 
starting and ending temperatures being input by the user. = 
1 /*Program-59: Centigrade to Fahrenheit conversion Table*/ 
2 #include<stdio.h> 
3 ant main() 
4 {int 4, cen_start, cen_stop; float Fahrenheit; 
5 printf£("\nEnter the temp. in Centigrade to start:”); 
6 scanf("%d", &cen_start) ; 
7 printf("\nEnter the temp. in Centigrade to stop:”) ; 
& scanf(“%d”, &cen_stop) ; 
9 for(iscen_start; i<=cen_stop; i++) 
10 { Fahrenheit = (9.0/5.0) *i+32; 
11 print£("\ntd deg, C = %.2£ deg. F”, i, Fahrenheit); 
12 7 
13 return 0; 
I¢ ) 
Output: 


Enter the temp. in Centigrade to start:20 


Enter the temp. in Centigrade to stop:30 
20 deg. 


C = 68.00 deg. F 
21 deg. C = 69.80 deg. F 
22 deg. C = 71.60 deg. F 
23 deg. C = 73.40 deg. F 
24 deg. C = 75.20 deg. F 
25 deg. C = 77.00 deg. F 
26 deg. C = 78.80 deg. F 
27 deg. C = 80.60 deg. F 
28 deg. C = 82.40 deg. F 
29 deg. C = 84.20 deg. F 
30 deg. C = 86.00 deg. F 


In the above example both the counter initialisation value and the condition checking value have been 
input by the user and are variable terms instead of fixed ones. Therefore i is not initialised to 1 as before 
but to cen_start and the loop runs till the value of 1 becomes equal to cen_stop. 


In the above example we have incremented the loop counter at each run of the loop by 1. In general the 
counter can be incremented by any value as shown in the example below to print all multiples of 3. 


/*Program-60: To print the multiples of 3*/ 
#include<stdio.h> 


int main() 
{ int i, limit; 
Printf("\nEnter the value up to which to print all multiples of 3: ”); 
scanf("%d”, Glimit) ; 
for(i=3; i<=limit; i+=3) 
printf ("td, ”, i); 
return 0; 


RW OYVAHAWNHE 


Output: 


Enter the value up to which to print all multiples of 3: 25 
3, 6, 9, 12, 15, 18, 21, 24, 


Since we want to print the multiples of 3, we have initialised loo i i tiple i.e. 3- 
4 P counter i to the starting multiple 

After checking the condition and printing the first multiple, the loop counter i. is incremented by 3 using tne 

Oe i4=% |e, 1=143 in line-7, By this we get the ni 


+ fine-B> 
ext multiple i.e, 3+3=6 ich is then printed in line 
This continues till 4 reaches the limiting value given by the ‘arable limit, vaaem 
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rofind whether a number entered by the user is a prime number or not: 

persogran-61: T0 check whether a number is primet/ 
pincludecstdio n> 
ant main () 
{ int num, i, check=1; 
printf("\nInput number to find if it is prime: "); 
scanf ("$d", &num) ; 


for(is2; i<num; i++) 


5 { if (numti 0) 

: ( check=0; 

in break; 

Hw ’ 

2 ) 

13 if (check==1) 

if print£("\nThe number %d is prime”, num); 
15 else 

16 printf("\nThe number $d is not prime”, num); 
v return 0; 

vw) 

Output: 


Input number to find if it is prime: 5 
The number 5 is prime 

Output2: 
Input number to find if it is prime: 27 
The number 27 is not prime 


Aprime number is a number which is divisible by 1 and itself only, Thus to check if a number is prime, we 
simply divide the number by all numbers greater than 1 and less than the number. In case it is not divisible 
by any of these numbers then it is prime. Thus to check if 5 is a prime number we divide it by 2, 3, 
and 4(1 and 5 are excluded as per the definition of a prime number) and hence the for loop runs from i=2 
to i<num i.e. up to 4 and NOT up to i<=num i.e. 5. 


The €or loop starts from line-7 and initialises the loop counter i to 2. If the entered value num=5, then the 
Condition i<num becomes True and the control enters the loop. In line-8, the if statement checks if numsi 
ie, the remainder of dividing num by i is 0 or not. If a number is prime, proper division is not possible 
and the remainder will always be some non-zero value. Hence the condition in line-8 will always be 
False for a prime number. Therefore it will never enter the if block and will not change the value of the 
variable check to 0 in line-9. In that case It will also never execute the break statement. 


In case of a non-prime number, for example 27, the condition num’i==0 becomes True for i=3. Hence the 
tram control enters the if block and changes the value of the variable check to 0 in line-9. If a number 
becomes divisible by any number then it is not prime and hence it Is not required to check the number | 
ary further, The loop is terminated forcibly in that case by using the break statement in line-10, Once the 
break statement in line-10 breaks out of the loop It takes the program control straight to line-13 skipping the 
‘1 ff the loop, as shown in the next page. 


e for(i=2; i<num; i++) 

: { if(numti == 0) 

3 ( check=0; 

Ho break; 

u i | 
7 } 

13 48 (check==1) | 


In line-13, the i£ statement simply checks the value of the varlable check, If check==1, i.e. the original 
Value, the program had not entered the if block and hence prints that the number is prime. Else if | 
‘| 
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check==0 then the program had entered the if block where it got modified to 0 and hence prints that the 
number is not prime, 


The series 1, 1, 2, 3, 5, 8, 13, 21... is known as the Fibonacci series. The speciality of the series js 
that except for the first two terms, all other terms are derived by adding the previous two terms. The first two 


terms are fixed terms and have the value 1. For example the 6" term i.e. 8 is obtained by adding the previous 
two terms i.e, 3 and 5 as 34+5=8. 


/*Program-62: To print the Fibonacci Series up to n terms using a for loop*/ 
2 #include<stdio.h> 

3 aint main() 

4 {ant i, nm; 

5 long int FirstTerm = 1, SecondTerm = 1, CurrentTerm; 

6 printf(“\nEnter the number of terms to print: ”); 

7 seanf(“8d”, &n) ; 


8 if(n==1) 

9 printf ("\nTerm-1 is = 1"); 

10 if (n>=2) 

di {print£(“\nTerm-1 is = 1%); 

12 printf ("\nTerm-2 is = 1"); 

3 ? 

i4 for(i=3; isn; i++) 

Bi { CurrentTerm = FirstTerm + SecondTerm; 
16 printf (\nTerm-%d is = tld”, i, CurrentTerm) ; 
i7 FirstTerm = SecondTerm; 

18 SecondTerm = CurrentTerm; 

19 ) 

20 return 0; 

2 a | 

Output1i: 


Enter the number of terms to print: 2 
Term-l is=1 
Termm-2 is =1 


Enter the number of terms to print: 6 
Term-1 is =1 

Term-2 is = 

Term-3 is 
Term-4 is 
Term-5 is 
Term-6 is 


The first 2 terrns of the Fibonacci series being the same, are printed outside the loop. The next terms are 
printed using the for loop which generate each successive term using the algorithm: 


current term = (first term) + (second term) 


Since the first 2 terms have already being printed, the loop counter i has been initialised to 3 in line-14 and is 
used to count the remaining terms printed. After printing each new term, the counter variable a is increased 
by i++ in line-14, This process continues till i becomes equal to n, when the last i.e. nth term is printed. Then 
4 increases ton+1, which makes the test condition i<=n False and the loop terminates. 

Note the following: 

+ If n= js entered in line-7, then the 


print the 1” term of the series Le. 
further tern Is printed 


condition in line-8 gets true and the program executes line-9 to 
1, The other conditions in line-10 and line-14 get false and hence no 
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entered then the condition in line-10 gets true and th 
: _ : e first two terms it 

the sf block from line-11 to line-12. The other conditions in line-8 and line 14 cet tine ae 
eens further term is printed. gf Ilse an 

>a is entered then the conditions in line-. 
we prints the first 2 fixed terms i.e. 1 and 1. The conditi 
gor |00P block from line-15 to 18 gets executed and prints the remaining terms. 

run of the loop, line-15 is used to calculate the current 

s a then prints the current term, term by adding the first two terms. 
Line-17 and line-18 are used to generate the new set of fi 


term in the next run of the loop. The pri Shari 
the loop with i=3 and i=4. jocess 


irst and second terms for getting the current 
the diagram below for two successive runs of 


for loop runt TAS) eee 2 
ies ") | FirstTerm }*| SecondTerm | = CurrentTerm|i)) 
1, Q PSs] tep number | | 


( Firetterm f SecondTerm 
for loop run2 1, 


ae 1 2, 3 | 


‘nattemate form of the Fibonacci program is written below with the use of the continue statement. | 


3 int main() | 
4 (anti, a; | 
5 long int FirstTerm = 1, SecondTerm = 1, CurrentTerm; | 
§  printf("\nEnter the number of terms to print: “); 

7 weant (“ta”, en) ; | 
8  tor(i=t; ice; 444)" | 
4 {te (41 || i==2) 

a { printf ("\nTerm-td is = 1", i); 

5 continue; 

4 ) 

oO CurrentTerm = FirstTerm + SecondTerm; 

; Print£(*\nTerm-#d is = $1d”, i, CurrentTerm) ; 
bb FirstTerm = SecondTerm; | 
D ' SecondTerm = CurrentTerm; 

od return 0; 

4, 4 

“on of checking individually the conditions for n=1 and n=2, the whole series Is printed using the for 


ft Ff line-8 in the above program. The if statement in line-9 checks if the value of i=1 or i=2. If so, the 
‘0 terms having the fixed value 1 get printed. The continue statement in line-11 then skips the 
ining part of the loop code which calculates a new Fibonacci term. 


Values of i>=2, the printé() statement in line-10 prints the first two terms. When the value i | 
ay s More than 2, the i¢ condition in line-9 becomes False and the part from line-13 to line-16 that _ 


S @ New Fibonacci term from the last two terms get executed, | 


~ 
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The following example prints all the capital and small alphabets. 
/*Program-63: To print all the alphabets using continue statement*/ 
flinclude<stdio.h> 
Ant main() 
{ ant a; 
puts("## Program to print all the Capital and Small alphabets #H\n"): 
for (i=65; i<=122; i++) 


ragawne 


{ A£( 4>=91 && <=96 ) 
continue; 
print£("%e, ", i); 

10 } 


return 0; 


#% Procram to print all the Capital and Small alphabets ## 


aA, B, C, D, E, F, G, BH, I, J, K, Lb, M, N, 0, P, Q Ry Ss, T, U, V, W, X, ¥, 
@. &.f)59e Bes, 3, Ke LeeBs 9, Baar By Bee eet Me: Se 


The ASCII values of capital alphabets are from 65 to 90 and that of small alphabets are from 97 to 122. In 
between these from 91 to 96 we do not have any alphabets. The for statement in line-6 runs for i=65 to 
122. Once the loop is entered in line-7, the i£ condition checks if the value of 2 is within the range 91 to 
96. If not then the continue statement in line-8 is skipp 


ed and the print£() function in line-9 prints the 
character corresponding to the ASCII value represented by i. 


This continues for i=65 to 90. After this, for i=91 to 96, the condition in line-7 gets True and hence the 
continue statement in line-8 gets executed. The control goes back to line-6 skipping the portion after the 
continue statement and the counter 4 gets incremented by i++. The loop again gets executed and till 
i<=96, the continue statement skips the print () functior in line-9. After this, when i>96, the condition 
in liné7 again becomes false and the program continues to print the lower case letters. 


The next example prints the pattern shown on the right for number of lines=5: 


| 
= | 

i /*Program-64: Using nested for leops to print pattern-1*/ | ex | 
2 #include<stdio.h> eee | 
2 int main() sexe | 
4 { antn, i, 3, eee ee | 


printf ("\nEnter the number of lines to print: ”); ; 

scant ( gn); 

for( 
{ for(3=27 3 


SN 


/*Outer loop counts number of lines*/ 
+ 3+) /*Loop 


» 


blanks in front of the stars*/ 


k space*/ 


xst/ 
print£("*"); 


2 printf (~\n"); 
j 


return 0; 


Output: 
Eater the nusber of lines to print: 5 
eee 
Ea) line in the above pattern consists 
ous te tal ber Of Da {o) sean mere Hank spaces followed by one ot more STS. Eq, 
») and star (s) is equal to the number of lines to print (n). ie. es 
1-11-30 : 
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the number of blank spaces is equal to b=n-s, Here the number of stars ina 

umber 3 for that line. Hence we replace S by 4 to get the number of blanks in a given line as b = n-i. The | 

ged FOr Joop in line-8 is used to print the blanks. The variable 3 is used to count the blanks and hence 

pesfom a to n-i for the line number i as derived from the Outer for loop. 

qhenext example prints the pyramid pattern shown on the tight for number of lines=4: | ly 
/*program-64: Using nested for loops to print pattern-2*/ i 5 }| Printing Pyramid 
pinclude<stdio.h> — ° 

int main() xa | 

(int n, i, j,k; OK ROK Ok 


given line is equal to the line | 


scanf(“td", &n) ; 
for( i=l; ixen; i++ ) /*Outer loop counts number of Lines+/ 
{ for(j=1; j<=(n-3); 54+) 


1 

2 

3 

‘ | 
§  printf£("\nEnter the number of lines to print: “); 

6 

7 

8 

9 printf (" ”); 


/*Loop for blanks in front of the stars*/ 
/*Prints a blank sg; 


10 for(k=1; k<=2*i-1; k++) /*Loop for the stars 
ul print£("*”) ; /*Prints a star*/ 
2 printf (“\n”) ; 
13 ) | 
14 return 0; 
15 } 
Output: 
Enter the number of lines to print: 5 
Per 
setae 


| keene ne 


theese aes 


The code for the above pattern is similar to the last one with the only difference in line-10. If you observe you 

will find that the number of stars in a given line forms an A.P. series 1, 3, 5, 7, 9 etc, The a term of this 

Series is 2*/-1. Hence the for loop of line-10 repeats from 1 to 2*i-1. 

The next example prints the inverted pyramid pattern shown on the right for number of lines=4: yy 
/*Program-65: Using nested for loops to print pattern-2*/ 


HERES EEK Printing Inverted 
2 #include<stdio.h> weeee [| Pyramid 
3 int main() OE | 
4 faint n, i, 4, k: * | 
5 Print£("\nEnter the number of lines to print: “); 
6 scanf(“#d”, En); 
q for( isn; i>=1; i-- ) /*Outer loop counts number of lines*/ 
& { for(ja1; j<=(n-i); 5++) /*Loop for blanks in front of the stare*/ 
9 printe(* “); /*Prints a blank space*/ 
10 | for (kel; k<e2*i-1; k++) /*Loop for the stars*/ 
i printé("#”) ; /*Printea a stark/ 
ig printé(“\n") ; 
13 f ) 
is return 0; 
Output: 


ter the number of lines to print: 4 on 
thee , 


The only change in the above code from program-64 Is In the for loop of line-7. Instead of starting fr 
We have started from isn as we have to print the base of the pyramid first. The loop co 


oe 


om i=1 | 
unter is thereafter | 
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decreased from n to 1 by decrementing the loop counter by i-- in the £ox loop header. As the loop counter 
decreases from n to 1, the loop condition checked is i>=1. 


The next program calculates the total number of tea, coffee or cold drink items sold from a coffee counter by 
prompting the user for each sell. 


1 /*Program-66: Beverage vending software using a do-while loop and switch-case*/ 
2 tinelude<stdio.h> 

3 int main() 

4 ( char prompt; 

5 int tea=0, coffee=0, drink=0; 

6 printé(“#**#**** Beverage Vending Shop *##*****\n") ; 


. do( print£("\nEnter T (Tea), C (Coffee), D (Cold Drink) and B (Exit): “); 
s ££lush (stdin) ; 


9 prompt = getchar(); 

10 switch (prompt) 

11 { case ‘t’ 

12 case ‘Tl’ :  teatt; 

13 break; | é 

14 case ‘c! = g 

15 ease ‘C’ ; coffeet+; 2 Ey 

16 break; | | g g | 
17 case ‘d’ ed a 
18 case ‘D' : drink++; = ) s | 
19 break; || 3 | 3 

20 || =| 2 

21 case ‘a! | 

22 case ‘E’ : break; | 

23 default :  printf(“\nEnter a valid choice!”); | 

24 ) 

25 ) while( ! ((prompt=='e')||(prompt=="E’)) ); 


26 printf£("\nTotal Sell: Tea=td, Coffee=td, Cold Drink=td”, tea, coffee, drink) ; 
27 return 0; 


28 } 
Output: 


s*eese"* Beverage Vending Shop *#*#r® 
Enter T (Tea), C (Coffee), D (Cold Drink) and EB (Exit): 


t 
Enter T (Coffee), D (Cold Drink) and E (Exit): ¢ 
Enter T (Coffee), D (Cold Drink) and E (Exit): ¢ 
Enter T (Coffee), D (Cold Drink) and E (Exit): d 
Enter T (Coffee), D (Cold Drink) and E (Exit): v 
Enter T (Coffee), D (Cold Drink) and E D 
Enter T (Coffee), D (Cold Drink) and E le 
Enter T (Coffee), D (Cold Drink) and E c 
Enter T (Coffee), D (Cold Drink) and & d 
Enter T (Coffee), D (Cold Drink) and E :e 


Total Bell; Teas2, Coffee=4, Cold Drink=3 


In the ebove program, the user inputs the type of dri i 
Dit Ink, i.e. tea, coffee or cold drink, into the variable 
prompt in line-9. The variable prompt is then used for checking the option entered by the user, by placing it 
as the condition variable for the switch statement in line-10 eae 
If the user inputs say 'C’, the value in prompt is ‘C’, 


cootart values Let, “T!, ’c!, and finally when the case constant ‘C’ is encountered in line-15, the condition 


ges vested and the statements following ‘¢’ 
get execut i e 
eeenenteD Ly Obe and the control breaks out of the beelinlh fee a eee 


This value is then checked with each of the case 
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the while condition is again checked in |ine-7 and thi , 7 

# fen the while condition gets false and the program prints le nil acest, sicciiasnitada 
the character case constants have been used. For example for a coffee item, as both ‘ce’ and 
Man bea valid input, the case condition in line-14 gets true for ‘e’. Once a match has been fatih the 
& ol simply falls te te next Saremett in the absence of any statements to execute following the 
ge 01 irrespective of we a € following cases have matched or not. This is similar to a logical OR 
oetion 28 if condition, The break statement in line-16 finally takes the program control out of the 
B gwitch DIOCK. 


a switch (prompt) 


0 compt='c! 
| in 2{ case ‘t’ : en 
= 3 case ‘T’ : teat+; 

z break; 


case ‘c’ 
4 Control will go directly from the case ‘c’ to the coffeet+ 


1 case ‘C’ : |§ coffeet+; line, bypassing the case ‘C’ statement 
6 break; 


Also note how the do-while condition in line-25 works. If the user enters either ‘e’or‘E’ in the prompt, 
the condition part ( (prompt==‘e’) | | (prompt=="E’ )) gets True. But the NOT operator (!) placed before 
the condition makes the overall condition False, thereby stopping the loop. | 


However, if the user enters any other character in the prompt, ((prompt==‘e’) | | (prompt==‘E’)) 
becomes False. Now the NOT operator (!) placed before the condition makes the overall condition True, 
thereby continuing with the loop. 

One can do away with the fflush (stdin) statement in line-8 as the same has been taken care of in line-20 
bythe case ‘\n’ statement. 


E ee ; Gltoikthe 
The following examples show the areas where mistakes are common and some better ways to 
deal with a problem. The whole program is not written always and only the relevant parts are shown. 


Tre following program section uses the logical and increment/decrement operators to evaluate an expression 
a tue or false. Note the way in which the expression is evaluated: 


1 int main() 

2 { int a=0, b=0, c=2, di 

3 c= +a GE tHe || +4b; 

4 d=a 6b && co 

5 print£(“\nValue of a=%d”, a); 
6 print£("\nValue of b=td”, b); 
7 print£(*\nValue of c=%d”, c)i 
: Print£(*\nValue of ded", 4); 


return 0; 
wy 
) 


Output: 
Value of a=1 
Value of bed 
Value of c=1 
Veloe of d=o 
Bre « ises re Is the reason why It Is such. As mentioned 
iuiput of the above program segment surprises you, here is the reason why it Is such, i 
an! 1 the value of the warble c¢ is evaluated from left to right, As an AND operation has a higher | 
Pheri than an Of operation, the AND operation will be carried out first, Hence first a is incremented to 1 by 
fe The nen operator is AND. Hence to test the logic, ¢ Is next Incremented to 3 by +o. The result of 
I ANDing of (+42 && +40) thus gives (1 6& 3) = True = 1, | 


~ | 
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The next operator is OR. But the first parameter of the OR operator has already been calculated to 
be 1 and hence is sufficient to declare the final output c as logically true [since, (1) OR (any-value) = True = 
1). Thus further calculation of the remaining portion of the expression is not carried out and hence b is not 
incremented to 1 by ++b and remains as 0. The final value of c thus becomes True or 1. Hence finally 


a=ce-l, 


Next when d is calculated, a && b gives a logical 0 as b 
further as the logical output of ANDing will always give a 0 in this case as the first expression is a 0. The final 


value of the variable d is thus equal to 0. This explains the above outputs. 


0 and hence the expression is not tested any 


The increment operator can give rise to some tricky problems as shown below: 


int main() 
{ int a=1, b, co; 
b = att + +a; 
c= atl; 
printf ("\nValue of a=td”, a); 
print ("\nValue of b=%d", b); 
print£("\nValue of c=%d”, c); 
return 0; 
} 


Output: 
Value of a=3 
Value of b=4 
Value of c=4 


The expected output for b is b=1+2: 
calculated first and will make a=2, then this will be added to a o 
=3. Then this a will be added to 1 and make c=3+1=4. 


The following programs show how the increment operators are evaluated when placed within a function: 


SONAHAUNA 


=3, But the actual output will be b=2+2=4. This is because ++a will be 
f a++. After the addition, a++ will make 


int main() 
{int x=2, y=3; 
print£("\nx=td, y=td, x=%d", ++x, 


1 
2 

3 ytt, x++) 7 
4 print£("\nx=td, y=td", x, y)/ 

5 

6 


return 0; 
d 

Output: 
x=4, y=3, x=2 


x=4, y=4 
The output of line-3 is due to the reason that print () reads the variables starting from the right to 
left. Hence the x++ expression is evaluated first. Since this is a post increment operation, the printf () 
function first prints the current value of x i.e. 2 and then increments it to 3 by the x++ operation. Next it 
prints the current value of y i.e. 3 due to the same reason and increments it to 4 by the y++ operation. 
Finally it encounters the ++x expression. This being a pre-increment operation, x is first incremented from 3 


to 4 and then the value is printed. Line-4 simply prints the current values of x and y i.e. 4 and 4. 


i int main() 


2 {int x=2, y=3; 
a printf ("\nx=td, y=td, x=td", xt+, yt, xt+); 
4° — print£("\nx=%d, y=#d", x, y); 
# return 0; 
6 J 
Output: 
m2, y=3, x=2 
wah, y= 
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ning of the above program piece is similar to the previous Program. 


while : 
j pranté (edn, a): 


His 


1 
yeturn 0: 


eo) 
apove loop will run infinitely without showing any output, in other words it will simply go on running 
Lis executed. The reason lies in the placing of a semicolon (;) at the end of the white condition. 


Sd te ee implies there are no segments to execute in the body of 
te Re ao oe eae fe control will come back to test the condition again, But since the 
(rable 4 has not been incremented, the condition will remain true always, 4 being equal to the initial value 

another reason Why a loop can run infinitely is when the condition is true always like while (1) . The 
rectiication is shown below: 


whils (i¢=200) 


ome other expressions for infinite loops are given below: 
for (i1i): 
for (ii)? 
while (1); 
do{ } while (1); 


The program-54 of page P1-11-20 is repeated below with a better method that is more efficient in 
performance than program-54. Calculate the value of the exponential series e* given by the relation: 
ete 1+ x/(L!) + x2/(2!) + x3/(3!) + x4/(4!) +... to n terms. 


J int main() 

2 {dnt a, a; 

Jj float e = 1.0, x, power = 1.0, factorial = 1.0; 
4 print£("\nInput the value of x: "); 

5 scanf("®£", 6x): 

6 printf ("\nInput number of terms to include: "); 
7 seang("$d", én); 

4 for(ist; den; i++) 

g { power = power * x; 

46 factorial = factorial * i; 

yy @ = @ + power/factorial; 

é ) 


printf ("\nThe value of e*x up to 4d terms is #f", n, @): 
4 return 0; 
by 


Output: 


Toput the value of x; 1 
Input number of terms to include: 10 
‘The value of a*x up to 10 terms is 2.710202 


‘nthe above method, we have not used a nested fox loop as in program-54, In program-54, each time a 
few term is calculated, the power Le. x" and the factorial value le. n! are calculated anew, In the 
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above example however, we are using the Previous term already calculated, to calculate 


current term, with a slight modification. This i i i 
ePHoncvioh Mn ce. reduces the total calculation time and hence increases 


the 
the 


thera ir ie the value of eX up to 11 terms, using the method of program-54 we would have t, 
Ssapouetae uf (it +344+... +10) = 55 multiplications for numerator and 55 multiplications for denominat if 
.€. a total of 110 multiplications in all (for the first term i.e. 1, we would not have to do any multiplication) mt 


However using the above method we have to do 2 multiplications for each term (one for the power and o 

for the factorial) i.e. a total of 2*10 = 20 multiplications for the 11 terms (for the first term i.e, 1 es 
would Rot have to do any multiplication). Therefore the total number of multiplications is much i 
This will be more prominent when the number of terms increases. = 


In line-3 the variables e, power and factorial are initialised to 1. The for loop starts from line-8. 


Initial starting value of power=1.0, factorial=1.0, e=1.0 


Runi: i=1, power = power*x = 1*x = x, factorial = factorial*i = 1*1 = 1= 1! 

e =e + power/factorial = 1 + x/1! } J 

Run2: i=2, power = power*x = x*x = x?, factorial = factorial*i = 1*2 = 2 = 2! 

e =e + power/factorial = 1 + x/1! + x?/2! ) | 
ee f 

Run3: i=3, power = power*x = x?*x = x3, factorial = factorial*i = 2*3 = 3! 

e@ = e + power/factorial = 1 + x/1! + x2/2! + Ba | 


Run4: i=4, Power = power*x = x3*x = x’, factorial = factorial*i = 6*4 = 24 = 4! 

e =e + power/factorial = 1 + x/1! + x2/2! + x3/3! + x4/4! etc. 

Thus we find that with each run of the loop we get a new term of the series by the process shown 
above without doing the calculation from scratch to calculate the power and factorial. 

The program to calculate the value of sin(x) given by the series sin(x) = x — 2/3! + x8/5! — x7/71 + 
up to n terms is repeated with a more efficient method than program-55. 

I int main() 


2 { ant n, i, sign = -1; 
Es float sin, x, y, power, factorial; 
4 printf£("\nInput the value of the angle in degrees: "); 
5 scanf("%f£", &y); 
6 printf("\nInput number of terms to include: "); 
x scanf("%d", &n); 
8 x = 3.14159*y/180; 
9 power = 
40 factorial = 1; 
i sin = power/factorial; 
12 for(i=2; i<n; i++, sign *= -1) 
13 { power = power*x*x; 
14 factorial = factorial* (2*i-1)*(2*i-2); 
Is sin += sign*power/factorial; 
16 i 
i7 printf£("\nThe value of sin(%£) up to %d terms is $0.3£", y, n, sin); 
18 return (0); 
23 y 
Output: 
Input the value of the angle in degrees: 30 
Input number of terms to include: 10 
The value of sin(30.000000) up to 10 terms is 0.500 
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Pe the first term, all the othe; 
ant excert oni T terms are calculated by taking help of the previous term. 


cul in li 
yt pe it term IS calculated separately in tine-12 and the lop starts from line-12 with 12 and 


su . 
e psequent pee pa i aires Sy multiplying the previous power by x? in line-13, Similarly each 
poh SP Nagiat [s calculated by multplying the previous factorial by the terms (2#3-1) *(2*4-2). 

c 
et works, consider i=4 for which (244-1) * (241-2) = 


244-1) * (244-2) = (8-1) * (8-2) 
prow it us term i.e, ( 

ee now from the aie : ae term number-3 we have the previous value of factorial = 5! 
‘ me for ied, the factorial = factorials(2*i-1)+(2#i-2) = 51s7*6 = 7! as required. 
fhe 


of the program is used to convert the angle entered by the user from degree to radians. 
ine® 


infinite white and do-while loops we can also ha 
glo” w ample shows the use of an infinite for loop, 


jalowind 
gat main () 
1 | ant count=2i 
Z print é(*\nProgram fo print all evan numbers from 1 to 100:"); 
7 gor (it) 
4 { 4£ (count>100) 
f preak; 
e 4£(count$2==0) 
; printé((*\ntd", count) ; 
$ 
e count++; 
$ 
o } 
yy return oF 
2) 


The condition part of the for loop does not contain any parameter, however the semicolons *;” 
must be given. The if statement in line-5 is used to check the condition and the break statement in line- 
§ is used to break out of the loop once the condition in line-5 gets satisfied. Therefore when the value of the 


variable count becomes more than 100 by the count++ operation in line-9, the condition in line-5 becomes 


tne and the loop terminates. 


One can have all types of possibilities like for (i= 


Joop, the condition is checked using an if statement along with a break statement, 


ve an infinite for loop as stated earlier. The 


77) Or for(;n<100;) or for(;;it++) or 
for (i=0; ;i++) etc. while dealing with a for loop, but the semicolons are a must. To exit from such a 


+ Repetition of a code in C is done using the while, do-while and for statements 
* a++issame as a=a+1, the ++ operator is called the increment operator 


a-- is same as a=a-1, the -- operator is called the decrement operator 
‘The meaning of the statement x+=y is the same as x=x+y, += Is called a compound operator. Other compound 
operators include -=, *=, /=, %= 
The effect of these statements on the variable y is the same, though the final count value is different 

y = count+1; 

y = ++count; 
The increment operator ++ when placed in front of a variable is known as pre-increment operation. When pre- 
Increment takes place, the variable is first incremented and then It is used. Therefore y=++a; is same as a=a+1; 
a 
The increment operator ++ when placed after a variable is known as post-increment operation, When 


Post-increment takes place then the variable is first used and then it is incremented, Therefore 
___Y=at+; is same as y=a; a=a+1; 


a 


Infinite farloop 
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|» dfan expression contains both ‘art and ++a, then the ++a will be evaluated first followed by a+4, 
Example if a=4, then y=at+ + +43) will calculate the value of y as 10 . 
~-y does not have any meaning by itself, though, 2 = x++-+y does carry a Meaning and is 


| |e REX, Xt+, OF Yor, 
the same as z = (Xt+) + 

| | « Ina while loop, each time the loop begins to execute, the condition is tested first and if found true, 
the body of the loop is executed. Else if the condition becomes false, the control goes out of the loop 
and executes the statement next to the loop. 

The while loop is called an entry controlled loop as the condi 


| The while loop is more suited for execution of a loop un! 
| calculations or user input. 
| | «Example of while loop: while( x++<100 ) 


| printf("\n %d", x); 

| = If continuous sum operations are used in a loop (like sum = sum+term), the sum variable needs to be 

initialised to 0 (zero) before the loop starts. If continuous product operations are used in a loop (like 
eeds to initialised to 1 before the loop starts 


| product = product*term) then the product variable n 
le loop in that it continues as Jong as the condition remains true, But the main 


‘or may not execute at all depending upon the condition, the do-while 
he condition as the condition in a do-while loop is tested at the end of 


ition is checked before entering the loop body 
known number of times, depending on certain 


«The do-while loop Is similar to the whi 
difference is that, while the while loop may 
Joop will execute at least once before testing t 


the do-while block 
condition is checked at the end of the loop 


The do-while loop is called an exit controlled loop as the 
dition of the do-while loop should be just the reverse of the 


| «To test for a valid input using a do-while loop, the cone 
| required input. 

» The do-while loop is used for situations where a code needs to be executed at least once, like finding 
the hef or gcd 


||» Example of do-while loop: do { puts("Enter +ve no."); 
scanf(*%d", &num); 

} while (num < 0); 

|] 

The most important and widely used of the loop stl 
the while or do-while loops with proper modification. 
| = The for statement executes in the following stepwise manner. The loop counter is first set to initial value. Then the 
} condition is tested. If condition is found true then body of loop is executed, Next the counter is 

incremented/decremented, The condition is again tested and if found true then body of loop is executed, The 


process is repeated till condition becomes false. 
= The for loop is usually used in situations where the number of repetitions is pre stated or defined 


) = Eg. of for loop: for( x=0; x<100; x++ ) 
| printf('\n%d", x); 
« By the term nesting of loops we mean 


within any other type of loop. 
«The comma operator in general allows two expressions to appear at a place, where otherwise only one expression } 


| would have been used. Example for ( 1=1, }=9; 1<20; ++i, -j) 

If the comma operator is used to separate two or more conditions in the loop header, 
last condition will be evaluated 

The for loop can be used with no argument in the loop he 
for (77) /*The three parts may be defined elsewhere, 
for (i=1;;) /*Only the initialisation of loop counter done in loop header*/ 
/*Only condition checking done in loop header*/ 


ructures is the for loop. It can be used in place of 


placing one loop within another. Any type of loop can be placed 


then only the 


eader to all combinations of arguments as shown below: 
but semicolons are must*/ 


for (;\<10;) 

for(;; ++i) /*Only re-initialisation or increment of loop counter done in loop header*/ 

for (\=1; i<10; ) /*Initiallsation of loop counter and condition checking done in loop header*/ 
done in loop header*/ 


/*Condition checking and increment of loop counter 


for (; i<10; ++i) 
\d increment of loop counter done in loop hea 


for (i=1;; ++I) /*Initialisation of loop counter an 
« The loop statement for (37); forms an infinite loop that will run for ever 


= The break statement is used to forcibly come out of a program loop bypassing the normal loop condition test. The 
program control comes cout of the loop and the statement immediately next to the loop gets executed. 


+ The continue statement is used to take the control to the beginning of the loop, bypassing certain 
statements within the body of the loop. 


ider*/ 
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Question TEC ae as 
 quttiole choice Questions. Select from any one of the four options. teach 
Qi i which of the following is not a proper operation in Cc? ‘s 
| i) a. y2xtti b. y=4x+; ©. YS+4x; de yoaxhe: 
what is the final valigioty in the C code: x=2; y=-++x; yoxt-t; f 
i) 22 . a4 e 
a ¢ e d.5 
i what is the final valle Oty, in the C code: x=2; YEX++; YS+4x 
ge Praise? S d.5 
which of the following is not a compound Operator in C? | 
eee b. %= ie Gites | 
which of the following is not a loop control structure in C? 
9) 3. do-while b. for ©. while-do d. while \ 
vi) Which one of the following is an exit controlled loop control in C? | 
a, for b. while : ¢. do while d. none of these | 
How many arguments are there in the loop header of the while loop? 
vil) Met b.2 03 De 
ji) How many arguments are there in the loop header of the for loop? 
my at b.2 3 4.4 
ix) Which of the following codes will not form an infinite loop? | 
a, while(2>1); b. dot }while(-2); ¢. for (; 1; ); d. while( 2-3 > 3-2 ); | 
x) Which command is used to forcibly come out of a loop in C? 
a, continue b. case c. default d. break | 
xi) Which loop structure is used if you want to repeat a code at least once? | 
a. for b. while c. do while d. none of these | 
xii) How many times will the following loop run? int x=4; while(--x){ puts("Good Luck”); } \ 
ad b.3 c.4 4.5 | 
xii) How many times will the following loop run? int x=4; while(x--)¢ puts("Good Morning”); } | 
a2 b.3 a4 a5 | 
xiv) How many times will the following loop run? int x=4; while(x-1){ --x; } 
a2 b.3 a4 4.5 
xv) The following loop will run how many times? 
int x=5; y=2; 
do { if(y=2) 
print{('\n%d", x); } while(y- -); 
a. 1 time b, 2 times c. Infinite times d. None of these | 
xvi) What will be the output of the following C code? 
int 2, y=3; 
Z=yr5etey; | 
print('%d, Yo", y, Z); \ 
a.11,4 b. 4, 12 c. 4, 13 d. 3, 12 | 
wil) What will be the output of the following C code? \ 
Int x=2; 
Printt('%ed, Yod, Yod", x, X+-+, #+X); | 
a.4,4,3 b. 2, 2,2 © 2,2,4 d. 4, 3,3 
*\i) What will be the output of the following C code? 
int x=5; printt("%d, %d, Yd", +-+X, X, Xt); 
4.7,6,5 b.5,5,5 c. 6, 6, 6 d. 5,6,7 
“1) What will be the output of the following piece of code in C? 
int x=6; | 
while(- -x) printf("%d,”, x); | 
4.4, 3,2, 1, b. 5, 4, 3, 2, 8) 4)3,.2)1) d. 6, 5,4, 3, 2,1, | 
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xx) 


xxii) 


raxiii) 


xxiv) 


xxv) 


xxvi) 


xxvii) 


xxviii) 


xxix) 


XK) 
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What will be the output of the following piece of code in C? 
int y, x=5; Y= 2 4xt+ +x; printh('%6d, %d, x, Y)i 


a. 5, 14 b. 5, 12 c. 6, 12 
The following C code will display the output: 

int x=3; 

while(- -x) printf("%d,”, x); 

andl) b. 3, 2, c.3,2,1, 


How many times will the following C code run? 
int x=-5; 
while(2+Xx) (xt4; + 
al b.2 G3 
The following loop in C will run how many times? 
intx=5; y=5; 
while(x = y) { printh('%d,", 07 y- 7 
a, 1 time b. 3 times 
What will be the output of the following code in C? 
int x=3; 
while(- -x) printf("%d,",--X); 
a. 3, 2,1, b.2,1 
How many times will the following C code run? 
char X=Z7 
do { printt("\n%c’, x); 

x--+} } while (Ix>=2); 
a. 26 b.0 
How many times will the following C code run? 
int p=3, 9=5; 
while ( (p>@P=P-V:(9=7-P) ) 

print %d', De 
al b.2 G4 
How many times will the following C code run? 
int count=1; 
while ( count>=-10 && count<=10 ) 

{ printf('Count=%d", count); 

count++; } 

a. 40 b, 30 c. 10 
How many times will the following C code run? 
int x=3, y=5; 
while(x-y) print"%d", x++); 


c, 5 times 


alt 


cat 


al b.2 3 
What will be the output of the following code in C? 
int p=4; 


do { p = p/+ +p; p-; } while(py; 

print "%d", p); 

a.3 b.1 c.0 
How many times will the following C code run? 
int p=4, qr; 

do { if(q=1) printt('\n%d,p);} while(--q); 

al b.2 C3 


d. 6, 14 


d.2,1,0 


d4 


d. none of these 


d. none of these 


d.3 


d. 20 


d.4 


d.2 


d.4 


y 


puter Science 


ener? acon Using Loops in C 
re answer type questions: esc 
, ho name two entry controlled loop structures in C 
) 


”) 
) 
vi) 


state one difference between a while loop and a do-while loop, 
write an expression for an infinite loop Using the for loop structure in C, 
write an expression for an infinite loop Using the while loop structure in C. 


wee expression for ait Infinite loop using the do-while loop structure in C. 
what is the use of the ++ operator in C? 


What is the meaning of the compound operator *= in C? 


vi) : i; 
vil) What is the equivalent statement using compound operators for the statement YaV%Z 
» What is the utility of the continue statement in C? 
) What is the function of the break statement in C? 
yi) HOW many times will the following loop run? int x=5, y=8; while(x-y) printt('%d", x++); 
xi) How many times will the following loop run? int x=5, y=8; for( ; x>0, y>0; -x, ~y) puts("Bye"); 
vai) What is the meaning of the statement x=++4y; in C? 
iv) Isthere any difference between x++ and ++x in C? 
yy) What is the use of the comma operator in C? 
3. bong Answer type questions: 7 each 
i) Write a program to find the factorial of a number using a do-while loop. Explain the meaning of 
post-increment operation in C. Write any two compound operators in C. 44241 
ii) Write a program to check if an input number is prime or not. Explain the meaning of pre-increment 
operation in C. What is the use of comma operator in C? 44241 
ii) Write a program to find the hcf or gcd of two numbers. Explain the difference between pre- 
increment and post-increment operation in C with the help of an example. 443 
iv) Show the use of the continue statement in C with the help of a proper code example. State two 
differences between the continue and break statements in C. How many different compound 
operators are available in C? 44241 
v) Write a program to print only the n* term of a Fibonacci series, where n is a user input. Compare 
the three loop structures while, do-while, and for. 4+3 
vi) What do you mean by a nested loop? State two differences between a while and a do-while loop. 
State the difference between the statements y=a+1; and y=++a; Name one situation where the 
do-while loop is more suitable to use, 2424241 
Q4. Assignment Programs: 4each 
i) Write a program to print the terms and find the sum of n terms of a G.P. series where the first 
term, common difference and the number of terms to print are entered by the user. 
il) Write a program to print the sum of the first n terms of the following series: 10, 8, 6, 4, 2, ... ws. 
iil) Write a program to print the from term number a to term number b of the following series, where 
a and b are two integer values entered by the user (a<b): Serles = 3, -9, 27, -81, ...... ... 
iv) Write a program to check if a number entered is such that all the digits in the number are odd in 
nature [example, 153179, here all the digits are odd] 
v) Write a program to check if a number entered is such that all the digits in the number are even in 
nature [example, 24628, here all the digits are even] 
vi) Write a program to check if a number entered is such that all the digits in the number are 
alternately odd and even in nature starting from the right (example, 234181, 1=odd, 8=even etc.] 
vil) Write a program to check if a number entered is such that it contains no zeroes in it. If zeroes are 
Present then count the number of zeroes present [example, 234181 has no zeroes but 201406 has 
two zeroes] | 
vii) Write a program to check if a number entered Is such that consecutive digits in the number are in 


ascending order starting from the right [example, 86531, here 1<3<5<6<8] 
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ix) 
x) 


xi) 


xii) 


xiii) 


xiv) 


xv) 


xvi) 


xvii) 


xviii) 


xix) 


x) 


xxi) 


xxii) 


x#ili) 


P1-11-42 


Write a program to check if a number entered is such that the consecutive digits in the number are 
in descending order starting from the right [example, 24589, here 9>8>5>4>2] 

Write a program to check if a number entered is such that the consecutive digits in the number are 

also consecutive in nature [example, 65432, here 2, 3, 4, 5, 6 are consecutive digits] 

Write a C program to find the sum of the digits at the even position and the sum of the digits at 

the odd position (starting from right) of an integer number separately and print the sums, 

[Example: for the number 162457, sum_odd=7+4+6=17, and sum_even=5+2+1=8] 

Write a C program to find the sum of the even digits and the sum of the odd digits of an integer 
number separately and print the sums. [Example: for the number 162457, odd=7+5+1=13, and 

even=4+2+6=12] 

Write a C program using a while loop to check if a number entered is an Armstrong number. 

[If the sum of cubes of each digit of a 3 digit number is equal to the number itself, it is called an 
Armstrong number. E.g. 153 = 17 + 53 + 33] 

Write a C program to check if a number entered is a perfect number i.e. if the sum of its factors is 
equal to the number itself. [For example the factors of 6 are 1, 2, 3 and 6 = 1+243, 
the factors of 28 are 1, 2, 4, 7, 14. and 28 = 1+2+4+7+14] 


um of the factorial of the digits at the even position and the sum of 


Write a C program to find the si 
m right) of an integer number separately, 


the factorial of the digits at the odd position (starting fro 
Compare the sums and print the larger of the two sums. [Example: for the number 1624, 


sum_odd=4!+6!, and sum_even=2!+1!] 
Write a C program to print all the Armstrong numbers between 100 and 999. Note: Armstrong 


numbers between 100 and 999 include 153, 370, 371, and 407. 
Write a program in C which is used to repetitively add the digits of a number till the resultant sum 
is a single digit number. Then check if the final sum is equal to 1. [For example: 


9253 => 9+2+5+3 = 19 > 14+9 = 10 > 1+0 =1] 
Write a program to find and print all prime numbers between A and B, where A and B are two 


integer values entered by the user, such that A<B. 
Write a C program to find whether or not a number n input through the keyboard is a factorial 
number or not using a for loop. For example the number 120 is a factorial number and is equal to 


5! But the number 100 is not a factorial number. 
Write a C program using a do-while loop to calculate the simple interest for a given principal. The 


program should have the following features: 
The program should input from the user, the Principal, Rate of interest and Time of investment. 
* The program should check for valid inputs and give error messages in case of invalid (i.e, 


negative) values. 
The program should ask for multiple runs and will terminate if ‘0’ is entered as the Principal. 


The coefficient of the r power of x for the binomial expansion of (1+x)" is given by: 


9C, = nl/[rl * (n-r)!] 
Write a C program to calculate the coefficient of x". The user should input n and r. 


Print the terms and find the sum of the following series up to n terms: 
a S1=2,5,8, 11, 14, ... 
b. S2=4,8, 16, 32, 64,... 
c. $3 = 2/3, 4/5, 8/7, 16/9, ... 
d. 4=1,1,1,3, 5,9, 17,.31,.... 
e. $5 =1,2/2!, 3/3!, 4/41, 5/51, ... 
f. S6=1, 1/(3!), 1/(5!), 17), 1/(99), ... 
Print the terms and find the sum of the following series up to n terms (here 0<x<=1): 
a KK 4K K4+KAX EL, 
b. x—x? + -—xt 48 -.,, 
Oo ae p= xe. 
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nls 
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este sum of the e's series up to'n’ terms for a value of x as Input by the user. 


Ge cae 


aw) My 
soho Ae) 7a Ra 


program to evaluate: cos(x) = Ey 


yo 


ii at 


Where the angle x is in radians 
anil input by the user. The series is caleulated upton noe of terms as input by the user. 


rind the SUM of the following log series up to 'n’ terms where (0<x<=1) 


print the following patterns using loops (the number of lines ‘n’ to print following the pattern is 


write 2 © 
yw) 
ww) 2 xix 8. 
g(t 2X" Tt at 
yi) P input by the a4 
retry 
an ® ah 
‘e tee 
evi tee 
wane a6 
pe * 
) if 
svi cout by the user): 
* b, *k* 
a 
+e te 
+e + 
tate 
eee Ln 
wait) 
input by the user): 
ai b. 55555 aw 
22 4444 
333 333 
Aaaa 22 
55555 1 
10x) 
input by the user): 
aA ba 39 
BB 87 
ccc 654 
DDDD 3210 
EEEEE 
oxi) Write a program to generate a pal 
user. The value of n should be grea 
shown below. 
* 
tee 
tee 
tae * 
* * 
keke Re 
* 
‘ 


* 
tee 
Fike 
THe 
Peret rats 


c. 


te CO I Rit 
+e RO Ie 
laid te 

ae tek 


* * 


1 
123 
12345 
1234567 
123456789 


c. 


1 
232 
34543 
4567654 
567898765 


c. 


tern as shown below, where the variable n is entered by the | 
ter than or equal to 3. The patterns for n=3, n=4, and n=5 are 


* 
aoe 

te Re 

a es 

tk RH * 
tk RH 

tk on 

* * 
a 
a 
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* 


a. 


d. 


Pee a a a aes 


Po ee es 


print the following patterns using loops (the number of lines ‘n’ to print following the pattern is 


whe 
ORK 
so 
kk 
aKHH 


d. 


print the following patterns using loops (the number of lines nt to print following the pattern is 


1 
121 
12321 
1234321 
123454321 


Print the following patterns using loops (the number of lines ‘n’ to print following the pattern is 


1 
101 
10001 
1000001 
100000001 .. .. 


* 
kok Oe 

eke 

tee ee 
eR Re RR 
ee 
ke RR 
ee Re 
* eee 
* eee 
* eee 
tok ke RK 
tok kk kk 
tek eR 
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xxii) Write a program to generate a pattern as shown below, where the variable n is entered by the 
user, The value of n should be greater than or equal to 2 (ensure that the user enters n>=2). The 
patterns for n=2, n=3, and n=4 are shown below. 


n=2 n=3 


PWNe 
BNNE 
BNUR 
BNNE 
RWNR 
B 
RaUNE 
HNWhe 
PNUWNE 
BPNWer 
BNWNE 
BPNUWNE 
BPeUNH 


From the figure shown on the right find all the points that are present y 
inside and on the circle in the first quadrant. The radius of the circle 
is a user input. Print the points as x, y pairs like (1,3), (2,3) etc. . 


From the figure of the last problem find all the points that are present 
inside and on the circle in all the quadrants. The radius of the circle is 
a user input. 

Write a program to find all points that are present inside the shaded 
area of the diagram shown below. The bottom left corner of the 
square is aligned with the origin. The square has a side equal to S that is a user input. 


xxxvi) In the diagram shown on the right, the circle with radius 
R1 is centred at the origin and the circle with radius R2 
touches the y axis. It has its centre on the x axis. Write a 
program to find all points that are present at the 
common shaded region of the overlapping circles. R1 
and R2 are user inputs. Take R1<R2. 
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hen a program becomes large, it may be difficult to organise everything within a single 
main function. Suppose the main( ) function consists of several thousand lines of code. Within such 
3 program It will be very difficult to locate any portion of the code that may need debugging or change and 
wit be similar CO finding a needle in a haystack! Moreover some portion of the code may have to be repeated 
3 different points of the same program leading to rewriting of the same code at the different points. For 


ample if the factorials of several numbers need to be calculated at several places, we have to write the 
game code to do the calculation at all those places. This would unnecessarily increase the size of the program. 


Under such circumstances, if the Program could have been broken down into several separate logical 
compartments based on the type of job carried out by each section of the code, then it would have 
teen easier to handle the program. The feature that C provides to do this type of coding is called a function. 


Afunction is a block of instructions that together can perform a certain specific task. As had been 
rentoned at the beginning of the course, a C program in general consists of a number of such functions or 
modules of code; main () being the most important one. You had been already using several library functions 
tp @ry out such jobs as taking inputs from the keyboard [getchar(), scanf() etc.], printing output onto 
seen [print£(), puts () ], finding the square-root of a number [sqrt ()] etc. These functions were 
available in the standard library provided by C and one had to just call these functions to execute 
them. Each of these functions had a unique identifiable purpose and executed a specific type of job as had 
teen defined by the scope of that particular function. Thus to print something onto the screen at several 
ponts in a program, instead of writing the whole code at all those places, one just calls the print () 
function to get the desired output, 


Desending upon the way a function is available, there are two different categories of functions: 


' Library functions: These are pre-written and pre-compiled functions and stored in the standard 
library of C. The functions are written for doing specific jobs like printing some text on the screen, 
finding a square root, allocating memory at run time etc. To use these functions, the programmer has to 
include specific header files and call the functions from the program, Examples of such functions are 
printf (), scanf(), puts(), sqrt(), malloc(), strlen(), strcpy(), etc. 


' User defined functions: It is highly unlikely that functions to do all types of jobs are available in the 
Sandard libraries. Every program has its own set of special or unique necessities leading to the use of 
some special functions, which may not be available in the standard libraries, These functions are written 
Sy users for doing specific tailor made jobs as per the user requirement. To use these functions, the user 
has to first define the function j.c. type the code for the function and then call the function to carry 
Out Its specific tasks, We will now discuss the methods to define and use a user-defined function, Before 
“rig that, let us write down the usefulness of using functions in a program. 


The utilities of using functions: 


* Repetitive jobs can be assigned to a function: Any repetitive job that needs to be executed at 
‘real places of the program can be assigned to a particular function, For example consider the sine 
‘Fes given by the relation sine(x) = x/(1!) ~ x¢/(3!) + x"/(5!) Here the factorial of a number is to be 
loulated at several points of the program and necessitates the use of a function called factorial which 
‘20 De called each time a factorial needs to be calculated, 

Increases readability of a program: A function consists of self-contained components i.e. it is: self 
Sufficient in nature. Thus if a program is compartmentalised using functions to carry out different jobs, it 
“ecomes easier to follow the program logic a5 one has to concentrate on a certain portion of the code 
“nly. This increases readability of a program 
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a 


are pre-written 
and pre-compiled 
functions stored 
in the standard 
library of C. 
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c. Reduces chances of error and helps in debugging: Increase in readability also helps in pin pointing 

possible errors within a section of the code and accordingly helps in debugging. 

Helps in shared coding: A large program consisting of several functions can be developed by several 

persons. Each person can code one or more functions independently and then all the modules can be put 

together to build the whole program later on. This makes writing of large programs faster as the whole 

job can be broken down into several logical parts, which can be simultaneously coded. 

.. Reuse of code: A function carrying out a certain particular work can be reused in more than one 
program by making libraries of such user-defined functions and calling them in the programs as and when 
required. This saves a lot of time unnecessarily rewriting the same code in separate programs. 


king ofa F 


Let us now see how a 


void prompt () 


void main() 


function works. The . 

diagram on the right iatatements: [ {print£("\n |!!! WARNING !!!”); | 

shows how a user defined preapt() = 7 printf ("\nCheck the value entered”) ; 
statements; ] 


print£("\nYou may lose your data”); | 
printf£("“\nPress ENTER if you are sure”); 
print£("\nPress ESC to try again”); 


function called prompt () 
is called from the main () 
function twice and gets 
executed each time it is 
called, 


When the ~_ function 
prompt () is called for the first time, the program control temporarily goes from main() function to the 


called function i.e, prompt (). After execution of the statements under prompt (), the control again comes 
back to the statement next to the function call (follow the grey arrows). The same process is repeated again, 
the next time the function prompt () is been called (follow the black arrows). 


statements; 
prompt (); 
statements; 


| 
i 
\ > 


} 


Though the above example is of no important use but it illustrates the way a function is used in a program. 
Instead of writing the code for the common task of printing on the screen the same set of lines at several 
points in the main() function, we have used a function called prompt () to do the same job for us, 


Whenever the message needs to be printed we just iss = 
call the function prompt () and it executes the job eee) , 
for us. Later on if you want to do some extra thing printe("\n !!! WARNING 1/17); 


using prompt(), you just add the extra lines 
inside the body of the function prompt() once, 
and it will work as per your requirement. 


On the other hand if you had not used a function 
to do the job then you would have to write the 
same code at all the places where you needed 
those lines of text, as shown in the figure on the 


print£("\nCheck the value entered”) ; 
printf ("\nYou may lose your data”); 
print£("\nPress ENTER if you are sure”); 
printf (“\nPress ESC to try again”); 
statements; 
statements; 
printf£(“\n =!!! WARNING !!!”"); 


right. Moreover in case you needed a change at a 
later stage, you would have to rewrite the 
changes at all those points where you had used 
that piece of code. Surely using a function is a 
much better option! 


print£("\nCheck the value entered”) ; 
printf (“\nYou may lose your data”) ; 
print£("\nPress ENTER if you are sure”); 


printf(“\nPress ESC to try again”); 
statements; 


) 


A function is similar in structure to the 
main() function. Just like the main() function it processes some information when requested for. The 
request to a function is referred to as calling the function. But before being called, the function 
needs to be defined first. 


A function can be defined at two different places as described below: 


= In the first method a function prototype (discussed later) is declared before writing the main() 
function and the function defined at a later stage. Declaring a prototype results in informing the compiler 
in advance during compliation process the function name and other function parameters so that it can 
cross check with the correctness of the function calls made at a later stage in the main() and other 
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r, when the compiler en i 
ss Moreover, Ncounters the function cal it ilati 
ae in advance that these refer to functions that are defined age feel Sonuen ; 


call before it has been declared or defi i 
funtion re that “function prototype not found”, ined, then it causes a Progron error ancidlspieys 


ef shows the general structure of a program usi ic 
ae 4 i function, and the functions defn defi Pe il whose prototypes are declared before 
, The alternative pickin . ‘o define the functions first and then use them later in nain () or other 
incon He hey ah le enh rene In this case the compiler already has the definitions of 
the function rer y main() (or other functions) and h 
aun compilation, ) lence does not cause any 


fil i 
jnclude header files include header files 
prototype for facet declared; function _1() defined 
prototype for function 2() declared; { statements for function_1; } 
in () 
Pe avenue function _2() defined 
( statements for function_2; } 


function_1() called; 


statements ; . 
function_2() called; matot) 
function_1() called; U statements 
iateentas function_1() called; 
statements; 


) function_2() called; 
function_1() called; 
statements; 
) 


function_1() defined 
{ statements for function_1; } 


function_2() defined 


Fig. 2 ey 


A should 


¥ these two methods, the first method is the preferred one because in that case a function once | b¢ A outside 
eclared as a prototype can be defined anywhere i.e. either before or after the main () function (but never (aa eaten 
el lon. 


{ statements for function_2;) Fig.1 


side the main () function, as a function definition within another function is forbidden). é 
function cannot 


fhereas in the second method, the functions need to be defined before main(), keeping in mind the fact be defined within 
another function. 


it the functions should be so arranged that a function is not been called before it has been defined. This is | 
be particularly noted for the case when a user-defined function calls another user-defined function. Thus in 
@ above example if function_1() calls function_2(), then instead of defining function_1() first 


id then function_2(), we have to define function_2() first and then function_1(). | 

it this situation can be completely avoided if function prototypes are used, The functions being declared | 

st, it does not matter the order in which they are defined later. 

jote: A function can also be declared within the main() function along with other variable 

<laration. However, remember that a function can never be defined within another function) body. The head 
has a retum data 


type, name, and 
parameter list. 


espective of whether a function is declared using a prototype or not, let us discuss how a general function 
5 to be defined. A function definition consists of: 


The function Header: This consists of Returndata Function Argument List yy 
| 


the function return data type, the name of | YPe | Name 


the function, and the function argument | ¢)5t power (float base, int index) 
list (or parameter list). pase nee y 
' The return data type: A function may do some calculations (for example calculate the power of a 
flumber) and then supply this calculated value to the point from where the function was called. The 
“return data type’ of a function indicates the data type (i.e. int, float, char etc.) of this calculated 


value that the function sends back to the point from where It was called. 


Function | Function header 
Header 
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. j oThe function name: Each function IS petumdata Function ‘Argument List 
| identified by a name (like printé, type Name 
scané etc,), The function name follows See? Funeti 
the same rules applicable for identifiers float power (float base, int index) yo4.r" 
or variable names. Thus valid function 
names include power, average, root1, root2, _istPos, SimpleInterest, VectorProduct etc, 
— oThe argument list: When a function is called to do some calculations, it may be supplied with some 
values with which it is supposed to do the calculations. This list of values forms the argument list or 
parameter list of a function. For example when the power () function shown above is called, one has 
to supply both the base and the index to the function to calculate the power ie. base™**, Thus the 


variables base and index form the argument list of this function. 


i + The function Body: It consists of the code that the function executes to carry out its specific job, It 
starts after the function header and is enclosed within a pair of curly braces. 


yeaning and the working of a function. In the following program an 
id the value of x’ where x is a float, and y is an integer 
d y are entered by the user in the main () function and 
culate the desired output and send the outcome of 


The data passed 
to a function for 
its use form the 
Function | 


The following example will clarify the m 
user-defined function called powex () is used to fin 
and both are input by the user. The values of x an 
then they are utilised by the user-defined function to cal 
the calculation back to the main function. 


o> /*progran-67: Example of a User Defined Function and Function call*/ 


#include<stdio.h> 


float power (float base, int index) 


3 
4 { float result=1; 
5 while (index--) | 
The Body of 
6 result = result*base; the function 
7 return result; | 
8 ) 
9 int main () 
10 { float x, output; int y; 
i printé("\nEnter base x (decimal value): "); 
2 scanf(“#f”, &X) ; 
B printf ("\nEnter index y (integer value): "); 
4 scant (“id", Gy); 
15 output = power (x,y) 7 Function c 
16 print£("\nValue of x*y is $f", output); 
7 return 0; 
18 ) 


Let us now analyse the above example, First, let us consider the main() function from where the program 


starts. Line-10 declares two float type variables, x and output, and one int type variable y. The first 
memory diagram in the next page shows how memory space can be allocated for storing these variables 
declared under the main () function, 


The user enters the two values in x and y In lines-12 and 14 respectively, Let the user input the value 1. 5 for 
x and 4 for y. Therefore the memory location 1000 will now contain the value 1.5 and the memory location 


1004 will contain the value 4. 
Hes, in line-15 the user-defined functlon power () |s called, For the function powex () to work, It should 


non viliat is to be raised to what power, This information Is supplied by placing the variables x and y inside 


trot are posed 
from the colling the braces after the function name power (), as shown in line-15, Each such variable or parameter is to be 


thee voriobles 


wetter Yeparated by a comma. 


function to the | 
called function These variables thi 
The at are passed from the calli 
ae ‘alling function to the call i called the 
‘ actual arguments, Thus In this example the varlables x and y are the actual seen “ 
4 
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variable Value Memory Variable 


Name iz | 1000 9 Name Variable Value Memory 
: ith ) 
dacs 
Gar oa ime 100. et 
rl 8 emi a, | 
a; ‘g | 
it SuLDUT t 
sal Bus het 
cay \ 
—— | | 
C4 — | 
[|| Variables 
|| ‘created il | 
al bythe ia 
| function } 3 .\- 
| power() , 2S 
3 Cy 
C4 gE = 
| az 
[_] wee 
— =!) 
Variables before Function Call Varlables during Function Call Variables after Function Call | 
Let us now understand step by step how the user defined function will respond to this. 
+ When the function is called, the | 
values stored in the actual arguments f ee -| Actual Arguments. 
are copied and transferred to the aaa Power (3#/¥) 7 in main function 


argument list variables in the function Ena 
header. The figure on the right shows unction<——— >) 
how these values are transferred to rear 


@® Values copied to ee» 


tatype, , ant ind 
the function power () from main(). dat ate float power (float e, int index) 
datatype : { float result = 1; Formal 
* First memory space is allocated for of resultin while (index--) Argument | 
the variables base and index. Next this case result = result*base; List 
the value stored in the variable x is . return result; 


copied to the variable base and the 2 ey 


value stored in the variable y is copied 
ED 


to the variable index. These 
variables that receive the values 
in the function header are called formal arguments. Thus base and index form the formal | 

i location for the various | 
arguments in this example. The middle memory diagram shows the memory al n nae 
variables during the function call. Note that memory space is allocated for storing the formal | Arguments 
arguments, only after the function is called. | @ 
ced in the same order inside the function parameter list as the | 

is the first formal argument | Variables in the 
actual ari ; the first actual argument x is a float and so b 
base, rb Rial actual argument y is an int and so is the second formal argument index. | function header 
The number, iat and order of formal arguments must match the number, type and order of | that receive the 
1 


the actual arguments, for the function to work properly. tha fu 


* The formal arguments should be pla 


| values passed to 


3 | tion are 
it ais fe ina 
* In this example the £loat. value 1.5 is passed to the gloat bata and the Ant value | called on mall 
passed to the int variable index (refer to the middle memory dlagram). jergureent 


The code, that the function Is going to execute, is placed within a pair of curly braces {} just as In the | 
qi 
main () function. It forms the body of the function. | 
For doing its internal calculation, the function declares the variable result as float and assigns value | 
'V' to it in line-4 (similar to variable declaration within main () function). Note that memory space is | 
allocated for storing the variable result, after the function is called (refer to middle memory diagram). 


| 
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« The while loop starting in line-5, 
then calculates the required power. 
With each run of the loop, the : 
variable result gets multiplied by : - 
the base value. The variable index nae } 
acts as the loop counter. With each 


Giltpae Si powes ANE Actual Arguments 


& Values copied to & 


data type, 


float power(float base, int index) 
index-- the value in index gets le.the : oe eRe aa eaaet 
nted by 1 and in this way datatype = oat result = 1; 
evade de beac 0, the icon of resuitin while (index--) Argument 
biter ne ms és thiscase ; result = result*base; List 
condition becomes false and the loop : Mein <eeules 
terminates. For example in this case 


for index=4, the loop will run 4 
times before index becomes 0 and 
will produce the result as (1.5)¢ 
= 5.0625, 


After the calculations the keyword return is used to send the value stored in the variable result to the 
calling function main(). The statement return result sends the value of the calculated float 
variable result i.e. 5.0625 to the float variable output in main(). The data type float written 
before the name of the function indicates that the data type of the return value is a float. The return 
value is then assigned to the variable output in main(). One thing should be ensured that the data 
type of output should be the same as the data type of the return value. 


The third memory diagram in the previous Page indicates the memory allocation for different variable 
after the function call. Note that the variable resu1t is local to the function power () i.e. the variable 
is created each time the function is called and ceases to exist after the function has completed its 
execution. Thus the value stored in result is also lost after the function is exit. The question that may 
rise is that if the variable ceases to exist then how the Calling function can know the value. The answer 
lies in the fact that a copy of the value to be returned is made, and this copy is made available to the 
return point in the program. 

Note: Though any function can be called from any other function, 
another function. Thus, in this case power () cannot be defined i 
functions are defined may not be the same as the order in which thi 


a function cannot be defined inside 
inside main (), But the order in which the 
ey are called. 


* Declaring a Function prototype: 


A prototype for the function provides the com) 
It indicates the function name, 
return data type. The prototype 
exception that a semicolon is add 


As is evident from the piece, the function Prototype for the user-defined function Power() ie, float 
Ppower(float base, int index) ; indicates the following: 


* The return data type of the function Power () Is a float i.e. the function returns a float value 
= The name of the function is power 


* The argument list consists of a float type data variable with name base and an int type data 
variable with name index 


After the declaration of the function 
function in line-10, the two values x 
before and finally the result returned 


Prototype in line-3, when tl 
and y are passed to base a 
to the main () function. 
When using several functions, generalh 


ly the function prototypes of all th i ‘ 
and then defined one by one after the main () inci typ e functions are stated before main () 


he function is being called in the main () 
Nd index and the calculations are done as 
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apeogran-68: Example of © Function caii with Puncti 
pynerudecstdio > ton Prototype / 
seat power (float base, int index) ; The function Prototype desta, aN 
fe He @ declared Not 
waa naan () the samtcoton aftar the declaration 
ve gjoat &, output: int yy 
; 
a printf(“\nEnter base x (decimal value), ~) 


scant ("RE") EX) 7 

printf ("\nEnter index y (integer yalue) ; 

scant ("8d") SY) 5 

output = power (x,y); 

printé("\nValue of x*y is %£", output); 
‘ NO semicolon after the function headar for dafinition 
wer (float base, int index) 


a 


Function called at this point 


‘ rt wl t=: he fun: 
£ Fi \ction 
{ float res' Ls 
F while (index~-) , 
= * Function 
‘ result = result*base; The Body of © Defi ta 


if the function 


z return result; \ 


statement, 


as was mentioned earlier, the return statement is used to send back control to the calling function. [t 
aso returns any value (can be result of any calculation) that is placed after the keyword return. The value 


reumed may be any literal or can be any variable name or an expression that evaluates to a certain 
ye. However remember that a function in C can return a si ue only. More than one value 
cgnnot be returned by a function (however you can return multiple values using a structure type data) 


The following examples show different uses of the return statement: 


| /*Program-69: Example of a function returning a constant value*/ 
2 int bonus(int x) 

> { print£("\nYour bonus score is %d”, x/10); function and may 
4 return 100; retum a value 

5 ? also. 


“ne above function called bonus (), receives an int type data (received in the variable x), It calculates the 
Donus score and displays the bonus in line-3. Finally the function returns a fixed value 100 in line4 


control back to 
the calling 


a 


A function can 
ty 


i /*Program-70: Example of a function returning a calculation*/ 
/ double molecules (float moles) 
= { print£(*\nThe total number of moles of the gas = $f", moles) 

return (6.022e23 * moles) ; 
) 
!" the above program, the function called molecules () receives a float type data (received in the 
able soles) in line-2. It prints the number of moles in line-3 and finally calculates the number of 


molecules present by multiplying the number of moles with the Avogadro Constant 6.022x10") since the 
“Sih Of the calculation is a double type value, the return data type has also been declared as a double, 


¢ Glewited result is then directly returned by the function to the calling function, 


only at any 
given time, 


a 


A (ure 6) 
aa 


/*Program-11; Example of @ function returning a caloulation*/ 


fest Total pr ure(float. pl, float p2) 


% 


( Prince (“\nthe Partial Pressures are sf, and +f", pl. p2) dated 
: return (pitp2) ; 
= , 
8 Ie + atte sived! in the 
16 above jogram, the function called Total Pressure () receives (Wo Float tie uh ; \ penis dL a 
aes ¥1 and pz) in line-2, that represent two different partial pressure values. ft pulls hes Pals 
: i artial pressures 
*SeHe values ni line 3 and finally calculates the total pressure os the Sure of the Qo partial pr 
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| Since the result of the calculation is a float type value, the return data type has also been declared as a 
| €1oat. The calculated result (p1+p2) is then directly returned by the function to the calling function, 


| 
te | 1 /serogram-72: Example of a function returning a logical value*/ 
Function returning |2 Se Ree ne ld 
motoalivatie | "2 ( print£("\nMistakes can fetch you only lesser points!!”); 
| 4 return ((x==1) 66 (y==1)); 
5 , 


| In the above program, the function called check () receives two int type data (received in the variables x 
| and y) in line-2. It prints a comment in line-3 and finally returns the logical output of the calculation 
(x==1) &&(y==1). For example, if the value of x is 1 and that of y is 0, then the logical output of the above 
| expression becomes false, and the return statement returns the value 0 for false. On the other hand, if is 
1 and y is also 1, then the expression evaluates to true and return statement returns the value 1 for true. 


1 /*Program-73:; Example of a function returning a calculated value*/ 
2 float volume(float p, float t) 

3 { float vol; 

4 vol = 8.1*t/p; 
4 

6 


on returning 


ihe 


calculated v 


return vol; 


) 


In the above code, the function called volume () receives two float type data (received in the variables p 
and t) in line-2. It declares a variable called vol in line-3 that it uses to calculate the volume of the gas with 
pressure p and temperature t. In line-4, the required volume is calculated and assigned to the variable vol. 
In line-5, the value stored in the variable vol is returned to the calling function. 


Note that in line-3, the function declares the float type variable vol for its own use. This variable is NOT 
received by the function in the argument list. For any internal calculation, a function may declare and 
use local variables. The return data type of the function is float, as the data type of the variable returned 
| ie. vol is float. 


Ge (1 /*program-74: Example of a function returning a constant character*/ 
eturning 2 jensen 
aakaet | { print€("\nCORRECT Answer! !”) ; 
ter | 4 return ‘Y'; 


The function called yes () receives nothing in its argument list. It prints a comment in line-3. In line-4, the 
function returns a constant character ‘y’. Accordingly the function return data type is declared as a char. 


1 /*program-75: Example of a function returning an input character*/ 
2 = char Input () 

z { char x; 
4 
5. 
6 


print£("\nEnter the Section in which you study: "); 
x = getchar(); 
return x; 


7 , 


In the above function, the function receives nothing in its argument list. In line-3 a char type variable x is 
declared for use by the function. In line-4 the user is asked to enter a ‘section’ value. In line-5, the 
getchar() function Is used to input the section value from the user into the variable x. This value 
entered by the user is then returned by the return statement In line-6. 


The function maximum () shown next, recelves two int type values in the variables x and y in line-2. In line- 


4, using the conditional operator, the maximum between the two values is calculated and returned by the 
return statement. 
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Sum LAblNy UnEoys “ning maximum anongst 2 values*/ 

| peinté(*\aThe maximum of the two 

etucn (*>=¥) ? (x): (y) ; 


i 


values returned’) 


pal the above ase Ue ee returned certain values to the calling function, be it an int, a float, a 
yar or @ double. As mentioned earlier, the type of data returned by the function is mentioned at the 
reining of the function definition or declaration, 


ing i tioned, then the def: 7 
e no such thing is men , lefault data type returned b i 
In es in case a function returns a float value and the y 2 Fanetion le atways-an 
ints 


function name, then correct data will not be transferred to the 


y /*ecogram-77a: Example of a function without an 
> cube(float x) 

5 ( return (xtae) ; 

on) 

Je above function is used to find the cube of a float 
junction called cube () which does the cubing and sends ba 
inputs the value of say x=5 then the return result will be 
instead of getting 166.375 one will get the result as 16 
being not declared explicitly, it is taken by default as 
integer portion of the result. To rectify the problem, 


variable. The variable to cube is Passed to the 
ck the result via the return statement. If someone 
125 as expected. But if someone enters 5.5 then 
6. The reason is that, return type of the function 
an int. Hence the function returns only the 
the function cube () is to be declared as a float: 

1 /MProgram-77b: Example of a function with a declared return data typet/ 

2 float cube(float x) 

3 { return (x*x*x) ; 

4 ) 

Now the return data type being declared as a float, the correct result Le. 166.375 will be returned by the 
function, when the value of x is 5.5. 


In all the above examples, each function had only one return statement. Though a function can return a 
single value, but in general a function can contain as many return statements as required. However 
in that case only one return statement will get executed finally. Moreover it is not necessary that the 
return statement should be placed at the end of the function; it can be placed anywhere in the function. 


The following program demonstrates the above point. It inputs a character and uses a function to check if it is 
a lower case character, If so, it converts it to upper-case, else it prints out the original character. 
/*Program-78: Function Call to change lower to upper character*/ 
Hinclude<stdio.h> 
char toupper(char letter) ; 
void main() 
{ char lower, upper; 
Print£("\nEnter any character:”); 
Seanf("&c”, glower) ; 
Upper = toupper (lower) ; 
. Print£("\nThe upper case letter is $c”, upper); 
ay 


char toupper (char letter) 


i (if(Qetter >='a’ G& letter <= ‘2') 
i. return (letter-32) ; 
4 
else 
5 
ib return (letter) ; 


A character is input in line-7, In line-8 the function toupper() Is called with the argument Lower. The 
function toupper () receives the character within the variable Letter In line-11. The function toupper () 


"EN Uses the ASCII value of the received character letter to check If It is in lower or In upper case, If 
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| found to be in lower case, i.e. if (letter>='a’ && letter<=*‘z’) is true in line-12, it converts it to 
uppercase by the expression (letter-32) in line-13 and returns the value. In case the character is already 
| in uppercase, it returns the unchanged character via the second return statement in line-15. 


Output1 


Enter any character:a 
The upper case letter is A 


Output2 
Enter any character:B 
The upper case letter is B 


In general, whenever branching is there and the output depends on which program segment the program has 
branched to, the different branches can each contain a return statement to return a particular value. 


It is not necessary that a function should always return a value. A function may print some messages 
or carry out a calculation or print a result without passing any value to the calling function. Under such cases 
the keyword void is placed before the function name in place of the return data type. No return statement 
is used in such a function; otherwise it will give error message during compilation. A modified form of the 
maximum value finding function is given below to show the use of the keyword void. 


ee 1 /*Program-79: Function to find and display the maximum value*/ 
2  #include<stdio.h> 


: takes find 3 void MaxValue(int x, int y); 
© 4° void main (void) 
{ int a, b; 
printf ("\nEnter numberl: “); scanf(“td”, &a); 
printé("\nEnter number2: ”); scanf("$d”, &b) ; 


5 
6 
7 
8 
9g } 
10 
i 


. | MaxValue (a,b) ; 
tt is 
that‘a function | | void MaxValue(int x, int y) 
should always ( int 2; 
retum a value 12 z= (x>y)?(x) 2 (y)7 
13 print£("\nThe maximum of the two numbers = ¢d”, z); 


‘ 14 } 
= ® — In the above example, the prototype for the function MaxValue () is declared in line-3 and defined in line- 
The = | 10. It has been defined to return nothing i.e. void, as the maximum value calculated by the function is 
of a function | | displayed in the MaxValue() function itself. 
not returning _ i 
anything is oid Similarly the main() function has also been defined as void as it is not returning any value. Moreover as it 
: is not receiving any value either i.e. any formal argument, the keyword void has been placed within the 


brackets after main() to indicate the absence of any argument. A function defined as void should not 
contain any return statement and hence the usual return 0 statement is absent from main (). 


> Refer to the worked-out examples in page P1-12-16 to clearly understand how functions work. 
When a function 
calls itself it is 


called a 


defining something in terms of itself. For a function to be recursive, it must satisfy two basic conditions: 
ed « It must have an ending point or stopping condition 
« It must make the problem simpler 


The simplest function to illustrate the principles of a recursive call is the function to calculate the factorial of 
a number. We had earlier calculated the factorial of a number by using the for loop. Now we will carry out 


the same function without using the for loop but using function recursion. 


By definition a factorial is defined as: 
* factorial(1) = 1 
* factorial(n) =n x factorial (n-1) 
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i : 
tl) is simpler than factorial(n). Armed wi 
et 


i recursive version of the function to calculate factorial of a number. > | 


jepcogram-80: To caleulate the factorial of « number usin 


1 [gnctudecstdio.h> J recursion*/ ly 
actorial(int num) ; 
rong int j Factorial of a 


; in() 
slots i number usin 
{Vint ny long int fact; | emia 9 
2 printf("\nEnter number to find factorial: “); scanf("sd", én) ; | re 
So fact = factorial (n) ; , : 
{| print€("\nThe factorial of td is = 414", n, fact); | 
9) 
‘p long int factorial(int num) 
{ long int £; 
if(num = 1) 
return 1; 
¢ = num * factorial (num-1) ; 
return f; 
i} 
output @ 
Enter number to find factorial: 4 


The factorial of 4 is = 24 Eopiasurcons Es, 


The diagram below illustrates the flow of program control for calculating the factorial of 4 using the above | foe P lace the 
rausive program. The main() function calls factorial () with 4 as its actual argument and the function | inction faust 
in reum returns back the calculated value for factorial 4. But before returning the computed value, the 
jundion again calls itself with the actual argument as (4-1) = 3 and expects a return value and waits. This | 
sccond call to the function with 3 as the actual argument causes another call to the factorial () function 
win (3-1) = 2 as actual argument. Finally this leads to another self call with actual argument as (2-1) = 1. 


4: this point, the called function has an argument of ‘1’ which satisfies the if condition in line-12 and hence 
feums ‘1’ without executing any further self function calls. In this way the return chain continues until result 
Gall the calls are returned back to the calling functions. 


fact = factorial (4); | ; factorial{ )function called ay 
: with arqumentas4 : Diagram showing 


= \ flow of control 


leng int factorial (int num) 


{ , factorial ) function called \ q 


si ; ; 
£ = num * factorial 5 with argument as 4-1 Le. 3 \ 


Fectorial value 24 FetEN £7 
“ured by function 


{ long int factorial(int num) | 


{ 


Factorial value 6 (=) \ 
returned by function factorial() function called 


with argument as 3-1 i.e. 2 


£ = num * factorial fi | 
return £; > 


} 


Factorial value 2 () 


long int factorial(int num) | 
returned by function | ( 


fs “nia * factorial ; « 
return £3; —y—*_ 


\y 


Factorial value 1 (i) 


returned by function { | 


| long int factorial (int num) 


if(num == 1) 
return (1); 
4 


Recursive function call ends at this point, 
as the argument received by the function ~. 
factorial() is 1. The function returns 1 to 
the previous function. 
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The next program calculates the result of x’ using recursion. This can be done using recursion, as one can 
express x’ recursively as: 
Wa xt xl axe xt x2) =. = xtx ext x * x(¥-¥) 


Moreover x(Y-Y) = x° = 1 can be taken as the stopping con 


/*Program-81: To calculate the power of a number using recursion*/ 


1 

2. #include<stdio.h> 

3 float power(float x, int y): 

4 void main() 

5  { float base, output; 

6 int index; 

? printf ("\nEnter the base: 

8 scanf("%£", &base); 

s printf ("\nEnter the index: ") ; 
10 scanf("8d", &index) ; 

i output = power(base, index) ; 
12 printf("\nThe required value of $f to the power ad is = %£", base, index, output); 
1 


14 float power(float x, int y) 
15 { iffy = 0) 


16 return 1; 

17 else 

18 return x * power(x, y-1); 
19} 

Output 


Enter the base: 2 
Enter the index: 3 
The required value of 2.000000 to the power 3 is = 8.000000 


The above function works similar to the last one. The terminating condition for the loop is when the index 
becomes equal to ‘0’ i.e. for power (x, 0), a5 x°=1. The if statement in line-15 checks this and stops the 
recursive call. For all other values of index y, the return value of the function is the product of the base times 
one less than the current index. The calculation of 23 shown below clarifies the working of the function. 


power (2,3) = 2” power (2,2) 

2°2* power (2,1) 

2°*2*2* power (2,0) 

me 22" eo" 1S 8 [as power (2,0) =1] 


Though recursion is a useful tool, as it can sometimes make a program much more compact, but before going 
for recursion one should also check for other alternatives such as using a loop. A program execution using 
loops can at times be efficient in reducing overhead compared to recursive calls. This is because at each 
recursive call, the compiler may have to generate copies of the arguments to the function and keep track of 
the location to return to when each return statement is executed, adding to the memory overhead. 


In © every variable has two attributes. They are the scope and the class of the variable. By scope of 2 
vanable we mean the area of the program in which the variable is valid and by class of a variable we mean 
whether the variable is ternporary or permanent. 


Tl) the paint we dealt with functions, we used variables only within the main () function. But the moment we 
6eined other functions besides the main() function, we had variables defined both in the main () function 
and in the user-defined functions. Under such circumstances a variable can have several scopes or options i.e. 
1 ran be valid only within main() or only within the user-defined function or can be valid in both the 
funchons. Moreover if the storage class of the variable is not mentioned in the declaration, then 
the compiler assigns the default storage classes based on the context in which the variable is used. 
Hence in ell the previous programs, the storage classes were assigned the default values. Each variable 
youpes  porlan of the memory to store its value, The variable’s storage class determines in which 
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the scope and class of the variables, they are di 
automatic or local storage class variables 
Register storage Class variables 
static storage class variables 
External or Global storage class variables 


used 0" 


Functions in C 


es are stored i.e. whether in the Memory or in the 


vided into 4 different types. These are: 


sre table below gives a comparative study of the scope and class of the above four storage classes: 


1, Automatic Storage Class: 


Gorage Class__| Storage | Default Initial Value _| Scope l Life 
wutomatic Local VTi 
ed ps | Moroes Unpredictable Garbage od to the block in | Till the control remains 
5 valle which the variable is | within the block in which 
(all data types) | defined it is defined 
Register | ou Unpredictable Garbage | Lecal to the block in [Tir the contro! remains 
tontan: FeGStET) | Redicters oe | which the variable is | within the block in which 
(Only integers) _| at | defined it is defined 
Static | | Local to the block in| Value of the variable 
(gyntax: static) Memory Zero which the variable is | persists between 
calldata types) | _ defined different function calls 
External | As long as the program's 
(syntax: extern) Memory Zero | Global execution does not come 
(all data types) | | to an end 


These variables can be defined at the beginning of any block of code 


immediately after the opening brace (i.e. after the { ). They are said to have local or block scopes. This 
means that they are defined only within the particular block (defined by a pair of curly brackets { } 
) in which they are declared. They are born at the time the program control enters that block and ceases 
to exist when the control comes out of that block. Accordingly the same variable name can be used in 


more than one block with no fear of the compiler mi: 


xing up which variable to use when. This is because 


the current value of an automatic variable is the value of that particular variable in the 
current block. The following function block demonstrates the use and scope of the automatic class. Note 
that when not initialised, the value of the variable displayed will be garbage and within each block the 


variable has its own value. 


void main() 


{ auto int countl, count2=2 


count1=10; 
print£("\nOuter countl (initialised)=%d", 
print£("\nOuter count2 (initialised)=%d", 

{ auto int count1=30; 


printé("\nInner count1=%d”, count1) ; 


countl = countl + 50; 
count2 count2 + 40; 

) 
Print£(*\nOuter counti=$d”, count); 


Print£("\nOuter count2=%d", count2) ; 


countl (uninitialised) =575 
count1 (initialised) =10 
count2 (initialised) =20 
countl=30 

count1=10 

count2=60 


print€("\nOuter count] (uninitialised)=%d” 


/*Program-82: Working of automatic variables*/ 


, countl) ; 


countl) ; 


count2) ; 


Inner Block 
“Outer Block 


w 
a 


a 
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t2 are declared in the outer block in line-3. The variable count! is first 
hen the local variable count1 is again declared 
he inner count1 ceases to exist the moment the 


The variables count1 and coun 
| un-initialised and count2 is initialised to 20 in line-3. WI 


| in the inner block, it hides the original count1. T 4 
control comes out of the inner block. Hence the next print£() displays the same initialised value of 


| counti as 10, as was declared in the outer block unaffected by the counti=count1+50 statement. 
However count2, which was declared in the outer block has changed in value by using a variable in the 
inner block. This was possible because, since the outer block encompasses the inner block, the variable 
declared at the beginning of the outer block is available in the inner block (unless 2 variable of the same 
name is declared in the inner block as with count1). Hence the value of count2 is displayed as 60 i.e. 


| 20440. 
In case no class specifier is mentioned, the variable is 
above declaration optional. 


assumed to be automatic, making the 


Register Storage Class: These variables are similar to auto variables with the only exception that 
they generally occupy the CPU register memory spaces instead of the conventional memory. 
Operations using register variables are faster in comparison to conventional memory stored variables. But 
not all variables can be defined as register variables as the allowed data types for these are only 


integers (some compilers may also support character type variables). 

Program loop counters and similar variables which are accessed frequently are declared as register 
variables. But care should be taken as all registers are not available at all times for storing these variables. 
This however will not cause any problem in program running as, in case register memory is not available 
then the register variable is automatically changed to an automatic variable by C. The syntax is: 


PMctatic varia 
Fst ates 
gets automatically 
initialized to O. 


register int index; 

les also have scope within the block in which they are 
tial value is ‘O’. Whereas for the 
rever once the control comes out 
ised, the value persists even 


ee 3. Static Storage Class: These variab! 
declared, but they are initialised only once and their default 


previous types of variable classes the value stored in a variable is lost 
of the block in which it is defined, in case of static variables, once ini 


between different function calls. 
This type of use can be particularly 
between different function calls such a 
below: 


° 


a 


useful when the contents of a variable need to be accumulated 
s to count how many times a function has been called as shown 


/*Program-83: Working of static variables*/ 


| 2 
2 void counting (); 
3 void main() 
4 { int a; 
5 for (i=1;1<=3;i++) 
6 counting (); 
7 ) 
é void counting() 
g { static int count; 
10 print£("\nFunction counting() called %d time(s)”, ++count); 
i J 
Output 


Function counting() called 1 time(s) 

Function counting() called 2 time(s) 

Function counting() called 3 time(s) 
In the above example, the function counting() is first called by main () through the for loop in line-6. 
with the first function call, the value of the variable count is inltialised to 0 in line-9. For every subsequent 
function calls to counting (), the value stored in the variable count is incremented and printed. Since the 
function is called 3 times, the value of count: Is printed 3 times (i=1 to 3) resulting in the output shown 
above. The point to note Is that the value of the variable count is not lost between function calls and 


ie incremented and accumulated, 
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i lables if the count in the functi i 

ace of static var! unction counting() was declared as an automatic variable 
and initialised to 0, then the value of count would not Persist 


e ve between function calls i 
function is called it will get initialised to 0. Thus the resulting output would have been: sill aii 
Function counting() called 1 times 


Function counting() called 1 times | 
Function counting() called 1 times 


as a general note of caution, avoid using static variables unless one really needs them. Since their | 
yalues are kept in memory even if they are not used and they are alive throughout the life of the program, | 
they may use up a lot of memory space unnecessarily. 


4, External Stor: Class: These variables differ from the variables we have discussed so far mainly with yy 
respect to their scope. They have a global scope i.e. they are not defined or available within a particular serial 
block of code but are available throughout the Program. As such they are also defined outside all | — sin 


functions, including main(). External variables are usually defined before main(), just like normal | °.°"°9" 
variable declaration. | 


class 


As external variables are global in nature, they can be assigned a value in one function and the same 
value can be used in another function. We know that a function in general can return a single value, | 
However using global variables, more than one value calculated In a function can be made available to the 
calling function. Moreover arrays declared as global variables need not be passed between functions. 
Thus when a variable is used by many functions in a program, it can be declared as an external variable, 


thus avoiding the need to pass the variable between functions. The following example shows one use of 
global variables: 


/*Program-84: Working of global variables*/ | ay 
#include<stdio.h> 
void RealRoots (float a, float b, float c); 


1 

2 

3 

4 float rootl, root2; | 
J void main() 
6 

7 

8 

9 


{ float a, b, c; 
printf£("\nEnter the coefficients of the quadratic equation ax*2+bx+c=0: 
scanf ("$f %£ %£”, Ea, &b, &c); 
RealRoots(a, b, c); 


Ww printf (“\nRoots of the quadratic equation are: x1 = %f, x2 = %£", root1, root2); | 
iy 

12 void RealRoots(float a, float b, float c) 

13 ( float m, n; 

14 48( (b*b-a*ate) <0 ) 

ce { printf£(“\Equation has no real roots”) ; 
Ed exit (0); 

7 ) 

-b/ (24a) ; 

19 n= sqrt (b*b-4tatc) / (24a); 

% rootl = mtn; 

4 teoot2 = m-n; 

By 

Output 


Enter the coefficients of the quadratic equation ax*2+bxtc=0; 1 1 -6 
Roots of the quadratic equation are; x1 = 2,000000, x2 = 3,000000 


The global variables root! and root2 are declared in line-4 as global float type variables. The value of the 
foots are calculated within the function RealRoots() and assigned to the variables root1 and root2 in 
wes-20 and 21. Since the variables are declared as global variables, they need not be returned and the 
“Ives assigned to them in RealRoots () are also available in the main () function, where they are printed, 
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AC program can be composed of multiple files which are saved under a common project head. The project 
is then build, whereby the individual files are compiled separately and the object files are linked together to 
form a single executable program. Each such file may contain one or more related function definitions. In 
case of such multi-file programs a function definition in a given file can be treated as external. Such external 
functions will be recognised throughout the program. 


| The following program explains the method. 
| EILEL.C 


/*Program-85: Using external functions in a program*/ 


1 
2 #inelude<stdio.h> 
| 3 extern void message (void) ; /*2xternal function declaration in FILE-1+/ 
4 void main() 
| 5 { message() ; 
6 } 
FILE2.C 
J extern void message (void) /*External function definition in FILE-2*/ 
2 { puts (“Have a nice day ...”); 
3 return; 
4 } 
Output 


Have a nice day ... 
When the project containing the above two files is built and run, the output shown above gets displayed. 


In C, a function can be defined to perform a variety of jobs. It can be used to carry out some calculations, 
print out some results or simply print some heading. Dividing a program into a number of functions usually 
reduces the chances of an error and helps in program understanding and debugging. So use of as many 
functions as possible is a good programming practice. The following examples show the use of various types 
of user defined functions. 


1 /*Program-86: Function to convert from Fahrenheit to Celsius*/ 


2 flinclude<stdio.h> 
3 float Convert (float Fah) ; 

4 void main() 

5 { float c, F; 

6 printf£("\nEnter Temperature in Fahrenheit Scale: ”) ; 

Fi scant ("“%£", GF); 

8 C = Convert (F) ; 

9 print£("\nRequired temperature in Celsius Scale is %£", C); 
10 I 

JJ float Convert (float Fah) 

12 { float Cel; 

13 Col=(5.0/9.0) *(Fah-32) ; 

14 return Cel; 

5 ) 

Output 


212 
5 100 


Enter Temperature in Fahrenheit Scali 

Required temperature in Celsius scale 
The main () function Inputs the temperature in Fahrenheit scale in line-7. Then the function Convert () is 
called with the argument F. The function defined In line-11, accepts the value within the variable Fah. It then 
calculates the required temperature in Celsius scale using the variable ce1 and returns the result in line-14. 
The result is finally displayed in line-9 in the main () function. 
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japeogram-87: Function to calculate Factorial of a number* / 
pinclude<stdio-h> 

xs jong int Factorial (int n) ; Factorial of a 

an in() r ber using 
void ma numb: 

4 { ant x7 long int £; normal fur 

i printé("\nEnter number to find factorial: wy 

: scanf ("8d", &X) ; 

J ¢ = Factorial (x) ; 

3 printé("\nRequired factorial is $1a”, ¢); | 

0 ‘ | 

yy long int Factorial(int n) 

(> { ant count=1; 

2 : =e | 

B Jong int fact=1; 

i while (count<=n) | 

5 {fact=fact*count; 

6 count++; 

v } | 

18 return fact; | 

yg) | 

Output | 


Enter number to find factori 
Required factorial is 24 


4 


In the above program, the main() function inputs the number whose factorial is to be found out in line-7 
and calls the factorial function in line-8 with the argument x. The function receives the value stored in x | 
within the argument n. The variable fact, declared as a long integer in line-13 within the Factorial () 
function, is used to store the result of the calculation. The factorial is calculated using the while loop of line- 
1¢ and the result returned to the main() function in line-18. Within the main () function the required result 


is displayed in line-9. 


I /*Program-88: Calculation of nPr and nCr using factorial function*/ | ay 

2 Hinclude<stdio. h> 

3 long int Factorial(int x) ; Saleulatng ds 
. 4 void main() ae ene 

5 { int n, x; long int nPr, n¢r; | ars 

6 Print£(“\nEnter value of n: “); | 

7 scanf(“$d”, &n) ; | 

3 print£("\nEnter value of r: "); 

2 Scanf("td”, &r); | 

10 nPr = Factorial (n) /Factorial (r) ; | 

4 nCr = Factorial (n) / (Factorial (r) *Factorial (n-r)) ; 

12 print€("\nRequired nPr = #1d, nr = $14", nPr, nCr); | 

Boy | 

14 long int Factorial(int x) 

1% { ant count=1; 

‘ long int fact=1; | 

3 while (count<=x) 

iy {fact=fact*count; 

a count++; 

4 i 

i , xeturn fact; 

Output 


Enter value of n: 
Enter value of r: 2 
Required npr = 60, nCr = 20 


3 
az 
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The above program is used to calculate the values of §P, and "C,. It inputs the values of n and x in lines-7 and 
9 respectively of the main () function. 

In line-10, the Factorial () function is called twice — once with the value of n and then with the value of r. 
The Factorial () function defined in line-14, is used to calculate both these factorials. Line-11 of the 
main() function then calls the Factorial () function thrice — with the arguments (n), (x), and (n-r). In 
the first case the actual argument n is received by the formal argument x in the Factorial () function. The 
value of x is received by x during the next function call. Finally in the third case the value of (n-r) is received 
by x during the last function call. Each time, the Factorial () function calculates the factorial of the 
number that it receives within its variable x and returns the result via the return statement of line-21. 


/*Program-89: To find the sum of the digits of a number using 2 function*/ 


1 

2 #include<stdio.h> 

3 int SumDigit (int num) ; 

4 void main() 

o { int n, $s; 

6 printf (*\nEnter value of number: wii 
7 scanf("td”, 6); 

8 s = SumDigit(n) ; 

9 printé("\nRequired sum of the digits = td”, 5)/ 
10} 

J? aint Sumpigit (int num) 

12 { int sum=0, digit; 

13 while (num>0) 

14 {digit = numt10; 

16 sum = sum + digit; 

7 num = num/10; 

18 ) 

19 return sum; 

20 | 

Output 


Enter value of number: 
Required sum of the digits = 20 


The above program is used to calculate the sum of the digits of a number using a function. It inputs the 
values of the number n in lines-7 of the main() function. Then the function SumDigit () is called in line-8 
with the argument as n. The function starting in line-11 receives the value stored in n, within the variable 
num. The while loop starting from line-13 then calculates the sum and returns the result stored in the 
variable sum to main() function. The result is displayed in line-9. 


1 /*Program-90: To check from a range of numbers, whether a number is prime or not*/ 
2 #include<stdio.h> 

3 void IsPrime(int num); 

4 void main() 

5 ( int start, end, i; 

6 printf ("\nEnter the starting number of the range of numbers to check if prime: ")/ 
7 scanf("4d", 6start); 

8 printf ("\nEnter the ending number of the range of numbers to check if prime: ae: 
9 seanf("%d", bend) ; 

10 for(i=start; icsend; i++) 

u TsPrime (i): 

wy 

13 void IePrime(int num) 

14 { int 9, flagel: 

7) for(j=2) j¢num; 344) 

Jb if(numby == 0) 

v { fleg=0; break) } 

P1-12-16 360 


ats of Computer Science 


Functions in C 
if (flag==1) 


printf ("\nThe number 4q is pri 
me” Num) ; 


me number 5 is prime 9° Of numbers to check if prime: 
qhe number 7 is prime | 
m finds wheth 
above progra er a number is pr; 
| 'S prime or 
Variab| 
OP in line-10 
N to check if th 


ge function is not returning any value, its return cata tine Ah nmac ie the value of flag. Note that as 

| 

next program shows how the hef of | 
wri numbers can be found out b two numbers can be calculated using recursion. We know that the 


! f*Program-91: To calculate the hef/ged of two numbers using recursion*/ ay 
5) #include<stdio.h> 
; dnt bcf(int x, int y); HCF (GCD) of 
void main () | numbers using 
recursion 


. 
5 { int ounl, num2, bh; 
§  printf("\nEnter the first number: ") ; 
7 scanf("$d", &numl) ; 
f  print£("\nEnter the second number: ") ; 
¢  scanf("$d", &num2) ; 
yg &=bef(nunl, num?) ; 
| printf("\nThe required hcf is = %d", h); 


a: 


3 4mt bef(int x, int y) 

1 ( s8lxty = 0) 
fb) return y; 

§ else New Dividend 

A le 
sy 


Output 
Enter the first number: 40 
‘Enter the second number: 50 pascd | 
The required hcf is = 10 Vet ee SERRATE esate | 
In the above program, the numbers are entered in lines-7 and 9, Then, the hef() function is called in line- | 
10. Within the he€() function, the value of num1 is received by x and that of num2 by y. Line-14 checks if 
te remainder of dividing x by y is ‘0’. If so, it returns y (the divisor) as the required hcf. Otherwise, the 
tef() function is recursively called in line-17 with the arguments y and the remainder x%y as the new 


dividend and divisor. 
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The next program shows how one can find the value of the n‘ term of the Fibonacci series using recursion, 
From the Fibonacci series we know that the first two terms of the series are fixed and equal to V. Any other 
term can be found by adding the previous two terms. Therefore for n=1 and n=2 (where nis the term 
number) we have the stopping condition, whereby ‘1’ is returned. For any other term ‘n’, we have Fibonacci of 
term ‘n’ i.e. Fibonacci(n) as Fibonacci(n-1) + Fibonacci(n-2). 


Fibonacci series: 1, 1, 2, 3, 5, 8, 13, 24, «+. +. 


1 /*Program-92: To calculate the n-th term of the Fibonacci series using recursion*/ 
2. #include<stdio.h> 

3 long int fibonacci (int n); 

¢ void main() 

5  { int term; 

6 long int £; 

7 print£("\nEnter the term number: "); 

8 scanf("$d", &term) ; 

9 £ = fibonacci (term) ; 

10 printf£("\nThe required term is = tld", £); 
wu} 

12 long int fibonacci(int n) 

13 { if(m =1 11 n = 2) 

I4 return 1; 

is else 

16 return (fibonacci(n-1) + fibonacci(n-2)); 
7 + 

Output 


Enter the term number: 6 
The required term is = 8 


The recursion tree shown below will help the student understand how the recursive calls are made to 
calculate a particular term in the series. Each function call with term number ‘n’ is broken down into two 
function calls with term numbers (n-1) and (n-2), till the stopping condition is reached, when n=2 or 1. At this 
point the recursive calls stop and the value ‘1’ is returned. 


Stopping Condition, as Fib(2) and Fib(1) are 
equal to 1, thus stopping any further 
~ recursive function call and returning 1. 


The nest program uses recursive function call to calculate the sum of the digits of a number. 


J /*¥rogram-93: To calculate the sum of the di 

gits of a numbe: rt ge cy 
¢  Pheeludestdio b> © using recursion*/ 
4 int sum(int mum) 
4 void maint) 
4 tinta. ee 
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+ gaits 
einté("\nEnter the) number 
a td", 6); 


5 scant (" 
Pg = sum(n); 

8 peinté ("\nThe required sum is %d", 9); 
9 


Mg sum(int num) 
{ant total; 

if (num = 0) 

return 0; 

total = nums10 + ‘sum (num/10) ; 

return total; 
vt 
output —EE 
Enter the number: 5768 
ghe required sum is = 26 
‘jhe number whose sum of the digits are to be found, is entered in line-7 and the function sum() is called in 
jine-8. In line-15 of the function sum(), the rightmost digit of the number is extracted by the expression 
nonti0 and the function sum() is called recursively with the value num/10. This recursive function call 


continues til] num/10 becomes equal to ‘0’. This is checked in line-13, whereby the value ‘0’ is returned. This 
condition serves as the stopping condition. 


The above function can also be done in a different way as shown below: | 
10 int sum(int num) 

“a { 4€(aum < 10) 

12 return num; 

B else 

o4 return (num$10 + sum(num/10)); 

m5) 


Tie following program uses a function to calculate the value of e up to the number of terms entered by the 
_ user. The function uses a static variable for the calculation. 


1 /*Program-94: Function call having static variable to calculate value of e*/ ay 
2 finelude <stdio.h> 


‘ Calculating e 
2° float factorial (); 


using static 
4 int main() variable 
5 {float sum0; 
6 int n, i; 
7 print£("\nEnter number of terms to add for e-series: “); 
&  seant("8d", én); 
9 for(i=1; i<=n; i++) 
sum = sum + 1/factorial(); 
11 printé("\nThe required value of e is %f:", sum); 
12 retarn 0; 
By 
4 float factorial() 
{static int count; 
16 int k; 
float fact=1; 
for(k=1; k<=count; k++) 
fact = fact * ki 
4 countss; 


return fact; 
2, 
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Output: 
Enter number of terms to add for e-series: 
The required value of e is 2.716667 


The static variable count declared in line-15 is automatically initialised to 0 when the factorial () 
function is called for the first time. Hence the factorial of 0 i.e. 1 is returned by the function. The count++ 
statement of line-20 then increments count by 1. When the function is called for the second time, being a 
static variable, count retains its value of 1 and the for loop of line-18 calculates factorial 1. Count is next 
incremented to 2. For the third function call the £ox loop of line-18 therefore calculates factorial of 2. In this 
way for each function call the last incremented value of count is used to calculate the factorial. Within the 
main() function the for loop of line-9 then adds the inverse of the factorial values to calculate the value of 
e as e= 1/(0!) + 1/(1!) + 1/(2!) +... up to n terms. 


The following program uses a function to accept two numbers and an operator and calculates and 
retums the result as per the operator type. 

/*Program-95: Function call with numbers and operator*/ 
#include <stdio.h> 

float operation( float x, float y, char optr); 

int main() 

{float a, b, answer; 

char symbol; 

printf(“\nEnter first number: ”); 

scanf(“8£", Ga); 

print£("\nEnter second number: “); 

10 scanf("%£", &b); 

11 ££lush(stdin) ; 

12 printf£(“\nEnter operator: ”); 

IZ seanf(“%e", ssymbol) ; 

14 answer = operation(a, b, symbol) ; 

15 print£(“\nThe required result is %£:", answer); 


we ON AM AWNK 


J6 return 0; 

7} 

18 float operation( float x, float y, char optr) 
19 {float result=0; 

20 switch (optr) 


Za (case ‘+’: result = xty; 
22 break; 

23 case ‘-': result = x-y; 
a4 break; 

25 case ‘*/: result = xty; 

26 break; 

a case */’: if (y==0) 

2 printé("\nDivision by zero error!!!) ; 
29 else 

30 result = x/y/ 
jt break; 

t+ ) 

j3 return result 

ja 

Output: 


Kotor ficet number: 12.9 
Kater second number: 6.7 
Enter operator: * 


The sequined cooult is 66.49 
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folowing program uses a function to convert a decimal number to binary. 


the peprogean-96: Function call to convert from decimal to binary*/ yy 
! qinclude <stdio.h> 

7 oid convert(int num) ; Decimal to 
«eee des 
p nee (*\RENtOE number to convert: “) ; | 

: scant (“8d”, 6n); | 

8 convert (n) 7 

gs return o; 

0 y 

yy void convert (int num) 

y (long ant binary=9; 

iy int xem, digit; 

14 do{rem = num’2; 

15 pinary=binary*10+rem; 

16 num = num/2; 

Vv }while (num!=0) ; | 

49 printf ("\n\nBinary Equivalent\n”) ; 

19 while (binary>9) | 

2 {digit = binary$10; | 

a print£("8d", digit) ; 

2 binary = binary/10; 

B ) | 

4} 

Output: 


The function convert () receives the decimal number num. The do-while loop of line-14 then finds the 
remainder of dividing the number num by 2 (refer to the Data Representation chapter for conversion Process). 
4s the final result is obtained by writing the remainders in reverse order, we have to form a number in the 
forward order from the remainders and then reverse the number so formed to get the result. The variable 
binary is used to store the forward number. As the first remainder can be a 0, the result in line-15 will yield 
a zero value for binary till the first non-zero remainder is obtained. Hence the zero remainders will not get 
stored. To overcome this problem, in line-12 we have initialised the variable binary to a non-zero number (9 
in this case. You can take any other non-zero digit) so that the zeroes are retained (9*10+0=90, 
90*10+0=900 etc.; Otherwise 0*10+0=0 always for zero remainders, until the first non-zero remainder). 


The while loop of line-19 is then used to reverse the binary number formed. Refer to chapter-11 for the 
logic behind reversing a number. To eliminate the first 9 in the binary value, the while loop of line-19 is run 
till binary>9 i.e. till binary is a two digit number. The extracted digits are printed in line-12. 


The following program uses two functions to print a double cone depending upon the number of lines passed 


Enter number to convert: 25 
Binary Equivalent 
11001 


to the function. 


i 


SPVYANAWN 


/*Program-97: Using a function to print a double cone*/ my 
#include <stdio.h> 


void patterni (int n) ; Printing pattern 
using function 
void pattern2(int n); | 


int main() 
{ int 4, 5, k, n; 


Print£("\nEnter number of lines to print for the inverted pyramid: ”); 
Scant ("ad”, én) ; 
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9 pattern2(n) : 
10 patterni(n); 

uw return 0; 

2) 

13 void patternl(int n) 


14 { int i, 3, & 
15 for (i=1; i<sn; i++) 

16 {for (j=l; j<=n-ay J++) 
17 printf£(" ")> 

18 for (k=1; k<=2*i-1; k++) 
19 printf 

20 printf£("\n") 5 

2 ) 

22) 

23 void pattern2(int nm) 

24 (ant i, j, kr 

25 for (i=n; i>=1; i--) 

26 {for (j=1: 3 -i; j++) 
27 printf(" "); 

28 for (k=1; k<=2*i-1; k++) 
29 printf ("*”"); 

30 printf ("\n"); 

a , 

32) 

Output: 


Enter number of lines to print a double cone: 5 


Pretrten es 
Peeee es 
eee 


wee 


were 
eeeeee 


seaneeeee 


The function pattern1() prints an upright pyramid and the function pattern2() prints an invert 
pyramid. The functions are defined in line-13 and 23 respectively. We have already learnt how to print 
upright pyramid in chapter-11. The function pattern1() uses the same code to print the upright pyran 
The function pattern2 () is identical to the function pattern1 () with the exception in line-25 for the ot: 
for loop. Since the base is large for an inverted pyramid, the range is taken from i=n to i=1 and the vu: 


of i is decremented by i-- for each run of the outer loop. 


REMEMBER that for any inverted shape simply change the range of the outermost loop to i=n to i=1, Wit) 
the variable i decremented by i--. All the other loops inside the outer loop will remain exactly the same 


The following program uses several functions to print the Pascal’s Triangle. 

/*Program-98: Using function to print Pascal’s Triangle*/ 

#include <stdio.h> 

long int factorial (int num); 

int nCr(int n, int r); 

int main() 

{ int i, 3, k, n; 
print£(*\nEnter number of lines to print for Pascal’s Triangle: “)/ 
scanf("%d”, &n); 


BNAHAWNA 
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k++) 
nex (i.k)) - 


- 


£ gota © In Pascal's 
yy gectorial (int num) triangle the values 
rors at fact=t inside the triangle 
yong * are formed by 
ant 7) yeenum: +43) adding the top 
por ie  gact*i two numbers in 
gact ~ the triangle with 
corn fact respect to given 
aber. 
ge ner tine Bs SPE =) ein fekees 
fat 24153, 1+3=4, 


c= 
return Ci 
) 


gover mmber of lines to print for Pascal's Triangle: 5 


11 cole is Formed 
¥ ge by the coefficients 
1331 = 
yagal of x in rag 
‘ re tre — Poa ~ Binomial 
tne above program uses two functions to print the Pascal's triangle. The for loop in line-12 within the main | expansion of 


ag ails the ncr() function with the arguments i and k. The ncCxr() function in turn calls the 


‘ ‘ 2 
zectorial () function three times in line-27 to calculate the value of ncr. Ses 


trefollowing programs show some common mistakes while writing programs using functions. 
#include<stdio.h> 
2 yoid main (void) 
{ int a, b; 
printf(“\nEnter numberl: ”) ; 
5 scanf(“td”, ga); 
printf£("\nEnter number2: ”); 
sSeani("td", &b) > 
MaxValue (a,b) ; 
} 
void MaxValue(int x, int y) 
(int z; 
z= (xy)? (x): (y) = 


ponte maximum of the two numbers = %d”, 2); 


ie aoe Program is compiled, it will display the message — “Function prototype not found’. The 

Runes is is that the function is defined after main() function is defined, and without declaring 
ion prototype. To solve this problem, the function prototype can be declared as shown below: | 

Pseludecstaic <b> 

void Fl 

void ean x, int y); 

{int a, p; 


any 


Printf("\nEnter numberl: “) > 
7 Seant(“ad”, gay 
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An alternative way to declare a function prototype is as shown below, Le, within the main() function 
just like a variable declaration. 

1 #include<stdio.h> 

2 void main (void) 

wz { int a, b; 

void MaxValue(int x, int y); 

printé("\nEnter numberl: “); 

scanf("$d", 68); 


NOGA 


The next program shows another common mistake while writing functions: 


1 #include<stdio.n> 
2 int armstrong(int num) ; 
3 void main() 
{int x, 9; 
printZ("\nEnter value of number: ”); 
seanf (“$d", &x) ; 
Armatrong (x) ; 
if(s==1) 
print£("\ntd is an Armstrong number”, x); 
else 
print£("\nid is NOT an Armatrong number”, x); 


t 
int Armstrong (int num) 
{ int sum=0, num2, digit; 
num2 = x; 
while (x>0) 
(digit = x10; 
pum = cum + digit*digittdigit: 


— fake 
SSURGRSR ES STNG 


x = x/10; 
20 } 
21 if(num2 == sum) 
22 return 1; 
23 else 
a4 return 0; 


2} 


The above program checks whether a number entered by the user is an Armstrong number or not. The value 
is entered in line 6 into the variable x. The program then calls the function Armstrong () with the argument 
x to check if it is an Armstrong number. 


Within the function, the value of the variable is copied into a second variable num2. The while loop from 
line-16 to 20 then adds the cube of the digits of the number and stores the result in sum, 


The if statement in line-21 then compares the value stored in sum with the original number copied in the 


| variable num2. In case these are same then the function returns ‘1’ in line-22 and in case these are not the 


same (i.¢. the number Is not an Armstrong number), the function returns ‘0’ via line-24. Within main () that 
value is received by the variable s in line-7. Checking the value of s in line-8, the main() function prints 
whether the number x is an Armstrong number or not. 


However, the above program when compiled will show the message, “Undefined symbol x’. The reason is 
that the variable ‘x’ declared in line-4 In the main () function is active only within the main () function as it is 
an automatic variable, Therefore when the function Armstrong () wants to refer to the variable ‘x’ in lines 
15, 16, 17, and 19, then that variable ‘x’ is not available within the function Armstrong () and hence shows 
the message. 


When the function Armatrong (x) is called in line-7 with the actual argument x, the value stored in x is 
copied to the formal argument num in line-13. Hence within the function the variable that corresponds to x is 
num. Therefore one has to use num in place of x within the function, 
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eof 
Meco ont er i 
umZ, digit; 

ni cl ist = 
| ap = pum | 
Ho 7 pre (num>o) : 
i aagit = numblO; 
t/a num + digittdigitedigit; 
f \ Fm = m/ 20: 
a) 
fo Sle om) 
yg ge(eun? =f 
4 return 1i 
2 
y return 9; | 


i to check whether a number is odd i i i | 
rogram is used n TIS Odd or even using a function. The val tered 
re he function OddEven () is called in line-7 with the argument x. The function then checks if the 
ie 2 dd or even using the 4 statement of line-14. Ifthe number is odd, it retuns I’ ese, if is even 
umm ms ‘0 Within main () the variable s stores this returned value. The i statement of line-8 checks s 
tis if x is odd or even. | 
a 
paecetdio.h> 
face ven (int num) ; 


‘ 
5 
6 |g = oddeven(int x); 
! if(s=1) 
printé(“\ntd is Odd”, x); 


yy. else 
printé(“\ntd is Even”, x); 


2 


gant OddEven (int num) 
4 { 4£(num'2 = 1) | 


g return 1; 
{6 else 

7 return 0; 
Boy 


However, if the program is compiled, then it will show the error message "Expression Syntax”. The reason is 
tt the variable x has been defined twice — once in line-3 and again in line-7 by writing oddven (int 
+) during the function call. The rectified main () function is shown below: 


J void main() 


4 {int x) 8; 

5 print€(*\nEnter value of number: "); 

6 scant ("ad”, 6x); 

7 8 = OddEy n (x 

8 if(s==1) 

a printe("\ntd is Odd”, x); 

io Bie 

7 Print£("\ntd is Even”; x); | eicoii sal ‘ 3 IA 


Teelore always keep in mind that during a function call only the variable names should be Included 
function argument and not their data types along with them, 


Th program shown below is used to find the greater of two numbers using a function called maximum () . 
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1 #include<stdio.n> 
2 int maximum(int x, int y): 

3 main() 

4 {int a, b, max; 

5 print€("\nEnter numberl: “); 

6  scanf("8d", Ga); 

7 printf(“\nEnter number2: "); 

8 scan€("td", &b); 

9 — maximum(a, b, max); 

10 print£("\nThe greater of the two numbers is $d”, max) ; 
uy 

42 int maximum(int x, int y) 

13 (int m; 


f4 m= (xoay) 2x) (yds 
5 return m; 
1) 


The above program will however not compile due to several reasons. First in line-9, when the function is 


| called, we are passing three arguments to the function viz, a, b, and max. The function requires only the 


variables a and b to calculate the maximum among these variables. There is no need to send the variable 
max as a function argument along with a and b. We need max to store the result in the main () function and 
not pass it to the function maximum () as a function argument. 


Therefore one should pass only those values as function arguments which are required by the 
function to carry out the calculations. Any other variable which may be required by the function to carry 
out any calculation within that function should be declared and used within that function only. 


Moreover the function header has been defined.in line-2 and 12 to contain only two integer type variables i.e. 
x and y, where x will receive the value of a and y will receive the value of b. therefore the function header 
will also not accept the third variable max, 


The rectified program is shown below: 


1 /Winclude<stdio.h> 

2 int maximum(int x, int y); 

3 main() 

4 {int a, b, max; 

§ — print£("\nEnter numberl: ”) ; 
6 scant (“td”, £a); 

7 ~ printf(*\nEnter number2: ”) ; 
8 scanf("td”, &b); 

2 (max = maximum(a, b) ; 

40 print£("\nThe greater of the two numbers is 4d”, max); 
i } 


42 int maximum(int x, int y) 
13° {int m; 

14 m= (xy)? (x) = (ys 

Is return 0; 

16} 


[2 ata 
* A function is a block of instructions that together can perform a certain specific task 


* AC program in general consists of a number of such functions or modules of code; main() being the most 
important function 


* Library functions are pre-written and pre-compiled functions and stored in the standard library of C 
and can be used by programmers 
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tsar compute Functions in C 
wf > Meni 
; jes of library funstions are printf(), scanf(), puts(), sart(), malloc), stien(, stepy) ate 
. defined functions are written by users for doin : 
, user rement. TO use these functions, 9 5 


becific tailor made jobs as per the user 
the u: cis 
function and then call the function to Ory eae fist define the function ie. type the code for 


ae “arry out its specific tasks 
: 5 : 
aay repetitive JP oat De executed at several points of cods can be assigned to a particular function 
yfa program an bode Using functions to carry out different jobs, it becomes easier to 
follow the prog . One has to concentrate on a certain partion of the cade only 

in readability by using a function helps in pin 
1nrea jy helps in debuoging PS In pin-Pointing possible errors within a section of the code and 


x‘ function carrying out a certain 


as been declared or defined, then it causes a 
‘ ;, n prototype not found”, | 
totype Its in informing th i . ‘ . 7 | 
pedaring @ prototype resul 9 the compiler in advance during compilation that this is the function 
at will be used by the main() function of 
eer A ar Ried Beet other functions and these are the argument list and return data 
function definition within another function Is strictly forbidden 


nction can be declared within the main() function alon with oth aver, femember 
A He an can riever be defined within another fine ith other variable declarations. However, ret 


The function Header consists of the function return data type, the name of the function, and the 
function argument or parameter list. E,g, float average (int x, int y) 

‘return data type’ of a function indicates the data 1.e, Int, float, ch: y i 
. puts tack to the point from where it was called” YP° (: It, fat, char etc.) of the value that the functior 


+ When a function is called to do some calculations, it may be supplied with some values on which It is 
supposed to do the calculations. This list of values forms the argument list or parameter list of a 
function 


+ The function Body consists of the code that the function executes to carry out its specific job. It starts after the 
function header and is enclosed within a pair of curly braces 


« The variables that are passed from the calling function to the called function are called the actual 
arguments 


ye the compiler encounters a function call before It hi 
| is ige that “functioy 


+ The variables that receive the values in the function header are called formal arguments 


1 The number, type and order of formal arguments must match the number, type and order of the 
actual arguments, for the function to work properly 


+ The return statement is used to send back control to the calling function. It also returns any value (can be result 
of any calculation) that Is placed after the keyword return 

+ In general a function can contain as many return statements as required, but can retum only one 
value at a time, to the calling function, E.g. vold maximum (int x, int y); 


+ Tt is not necessary that the return statement should be Placed at the end of the function, it can be placed 
anywhere in the function 


* Whenever a program branchin: 
Program has branched to, 
| a particular value 


Tt is not necessary that a function should ‘always return a value 


To make the compiler understand when a fun 
Placed before the function name in the functi 
should be used in the function 


9 is there and the output depends on which Program segment the 
then the different branches can each contain a return statement to retum 


ction does not return a value, the keyword void is | 
ion header. In such a situation, no retum statement 


In Ca function can be made to call itself and a function that has been constructed in such a manner as to call 
| itself Is known as a recursive function 


For a function to be recursive, it must satisfy two basic conditions: 
Tt must have an ending point or stopping condition 
Tt must make the problem simpler 
In C every variable has two attributes |.e. the scope and the class of the variable 
By scope of a variable we mean the area of the program in which the variable is valid 
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By class of a variable we mean whether the variable is temporary or permanent ‘e : 

ion, then the compiler assi 

If the storage ci e is not mentioned in the declaration, DNS the 
See rion ieon text in which the variable was used 


default storage classes based on the con! ee er 
iable' he values in the variables are 

The vatiable’s storage class determines In which location of the computer, tl Storag 
i.e. whether In the Memory or in the CPU Registers (which are special memories located within the CPU) 
Based on the scope and class of the variables, these are divided Into 4 different types. These ara: 

Automatic or local storage class variables 

Register storage class variables 

Static storage class variables 

Extemal or Global storage class variables ; 
‘The current value of an automatic variable Is the value of that particular variable in the current block 

A i ith the only exception that 

Register Storage Class variables are similar to auto variables wi they 
generally occupy the CPU register memory spaces instead of the conventional memory 
Static Storage Class variables also have scope within the block in which they are declared, but they are initialiseg 
‘only once and their default initial value is ‘0’ = 
In case of static variables, once initialised, the value persists even between different function calls 


External Storage Class variables differ from other types mainly with respect to their scope, They have a global 
scope i.e. they are not defined or available within a particular block of code but are available throughout the 


program 


i) 


ii) 


iii) 


Iv) 


vy) 


vi) 


vii) 


vill) 
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. Multiple Choice Questions. Select from any one of the four options. 


A function in C cannot: 
a. return a single value only b. have multiple return statements 


¢. be defined within another function d. have a void return type 


Which of the following is not a part of a function header in C? 
a. function name b. function parameter list 


cc. function return data type d. function local variables 

A function: 

@. must return a value b. may return a value 

cc, can return multiple values d. always returns an integer value 

A function can return how many values? 

ad b.2 G3 d. none of these 
A function header: 


a. ends with a semicolon b. cannot contain any float data as arguments 
c. by default has an int return data type d, cannot have a char return data type 


Pre-written and precompiled functions available for writing a C program are generally called: 
a, import functions _b. stored functions c. predefined functions d. library functions 


For a recursive function which of the following statements is not true: 


a. must have a stopping condition b. can be expressed in terms of itself 

c. uses-a stack for its working d. can be always used as a replacement for a loop 
Which of the following does not represent a storage class keyword in C? 

a. external b. auto c. static d. register 

Which of the following relations cannot be expressed using a recursive function? 

a. Qly) = QAy-1)*3+y and Q(0) = 5 b. P(@, b) = P(@-1, b-2) + (a-b) and P(1,1) = P(-15) 
c. §(p,q) = p*S(P-1,q) and S(0,q) = 1 d. T(n) = (n-1)*T(n-1) and T(1)=10 


Arguments passed to a function are generally called: 

a. real arguments —_b. actual arguments ¢. formal arguments d. passed arguments 
Arguments recelved by a function are generally called: 

a. formal arguments b. copied arguments —_c. actual arguments d. received arguments 
Which of the following keywords is used to indicate that a function does not return anything? 
a. null b. not ¢, none d, void 


- 


Computer Science 
panes ™ Funetions in C 
r ich storage class can 
a sregater b, oe to keep a function variable active between function calls? 
which storage class can be ¢. automatic d, extern 
i B In be used to aci 
V CeSs a val 
. 2. eae b. automatic cae d, static 
i ra - i 
i eis sei ‘beatae the default storage class of a variable? 
; der in which th r i C. register d, automatic 
ee i etten  e, puction arguments are passed and the order in which these are recelved: 


a, does not matter b. has to be same 
A function prototype: 


c. may or may not be same —d. sometimes matter 


wil) x 
a, must be included before the function is defi 
b. may or may not be included when a tanto defined 
cc, needs to be included if the function i 
@. fs compulsory to use ion is defined after the function call 
wii) Fora function taking no arguments: 
a. can return only an integer value b. can lave ‘ II 
. actual arguments during function ca 
c cone return a value d. will not have any formal arguments 
i paper fat). t sons ee yo given below, if the formal arguments w=5 and x=5.57 
2 C 
a. 10.5 b5.5 ¢1i0 a5 
xx) What is the return value of the C function given =4 and b=3? 
Fa (int a, int b) {return (loathibvay/2. i‘ below, if the formal arguments a=4 and 
a4 b. 3.5 a7 d.3 
xxi) What is the return value of the C function given below, if the formal argument x=3? 
int Fn (int x) { if (x=2) retum x; else return 1; } 
al b.2 G3 d. none of these 
xaiil) Wier eee value of the C function given below, if the formal argument x=5? 
Th (i 
{if (x==3) return 1; 
retum x/Fn(x-L); } 
al b. 1.25 2 d. none of these 
Q2. Short Answer type questions: leach 
i) State one utility of using functions in a program. 
fi) State the three parts of a function header. 
jij) | What do you mean by actual argument? 
ivy) What do you mean by formal argument? 
v) What is the use of the return keyword in a function in C? 
vi) What is a function prototype? 
vil) Where do you declare a function prototype? 
vill) A function can return at the most how many values? 
ix) What keyword is used to indicate that a function is not returning anything? 
x) Name any one storage class in C. 
xi) Which is the default storage class of a local variable in C? 
xii) State any one condition that Is to be satisfied by a function to be recursive. 
3. Long Answer type questions: 7 each 
1) Write a function to calculate and return the factorial of a number passed to it as argument. Explain 
the difference between actual and formal arguments in C. What Is the default return data type of a 
function? 44241 
il) Write a function to check If a number passed to It Is prime or not. For prime, the function returns 1 
) 
and for non-prime, it returns 0. What do you mean by function recursion? What Is the purpose of 
the return statement In a function? 44241 | 
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iii) With the help of a code example show how a function can have more than one return statement in 
it. Name the different types of storage classes in C. What keyword is used to indicate that 
function does not return anything? : 44244 

iv) Give an example for a function that receives arguments, but does not return anything. Variables of 
which storage class remain active between function calls? What are the conditions that need to be 
satisfied for a function to be recursively expressed? 44142 


Q4. Assignment Programs: 4 each 


i) Write a program in C using a function called ChangeCase( ) that receives a character and checks if 
the character is in lowercase or in uppercase. If the character is in lowercase then it converts it to 
uppercase and if it is in uppercase then it converts it to lowercase and returns the character to the 
Main( ) function where the changed character is displayed along with the original character. 


il) Write a program in C using a function called CharType( ) that receives a character and displays "an 
Alphabet” if the character is an alphabet, “A Digit” if the character is a digit from 0 to 9 or “Other 
Character” if the character is neither an alphabet nor a digit. The function does not return any 

} value and displays the result within the function. 


ili) Write a program in C using a function called floor( ) to take any floating point number and convert 
it to the next lowest integer and return the result as a float. For example: 
e For input value 4.95 the return value will be 4.0 
e For input value 7.0 the return value will be 7.0 
e For input value — 2.5 the return value will be -3.0 etc. 


| Hint: Use an integer variable in the floor( ) function and assign the float variable to round off, to 
this integer variable. Reassign the integer variable to the float variable to convert the data type 
again from integer to float. Return this value to the main( ) function. 


iv) Rewrite the floor( ) function created in the last program and use it in three other functions called 
Round_to_Int( ), Round_to_Tenths( ), and Round_to_Hundredths( ) to round off a float Number to 
the nearest integer, up to a single decimal place and up to two decimal places respectively, 


E.g. the relation y = floor(x+0.5) rounds x up to the next higher integer. 
y = floor(x*10+0.5)/10 rounds x up to the tenth’s position. 
y = floor(x*100+0.5)/100 rounds x up to the hundredth’s position 


Vv) Write a program in C which uses a function to check whether a number passed to the function is a 
Prime number or not. The function prints the number if prime. Now use this function in the main 
function to find all prime numbers between any two numbers x and y entered by the user (y>x). 


vi) Write a function that takes two integer values and returns the hcf (or gcd) of the two numbers, 
Within the main function input n integer values using a loop and find the hef of all the input 
numbers by properly using the defined hcf function (hint: find the hcf of the first two numbers and 
then get a new hef by using the current hcf and a new number entered). 

| vii) Write a C program that has the following functions: sin(x), cos(x), cosec(x), sec(x), tan(x) and 

cot(x). Write the functions for sin(x) and cos(x) using the series representation of sine and cosine 

and taking up to 10 terms for each series. The remaining functions should use the sine(x) and 
cos(x) functions as per need to get their results. Within the main() code enter an angle in radians 
and use a switch case construct to ask the user for the type of function to use and get the result 

accordingly. Example of the functions: float sine(float x) 


viii) Write a program in C to find the sum of the digits of a number using a recursive function. 


ix) Write a program in C to find the sum of the series given below using a recursive function. 
S=3+6+9+12+15+18+.........+3n (ie. up ton terms) 
The user enters the number of terms to add i.e. n in the main( ) function, 


x) Write a program which uses a recursive function call to find the nt Lengendre Polynomial given 


recursively by: 
© Po=l 
e Pp=x 


© Ph={(2n- 1)/n }*x*Pri —{ (n- 1)/n P2 
Where x is any floating point between -1 and +1 i.e. -1<x<+1, and n = 2, 3, 4, ... The values of x 
and n are input by the user (hint: Pass both n and x to the recursive function). 
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« Some worked out examples 


troduction to Arrayg ss. 
ill now we have written programs where We worked with a limited number of integers, & 

data, However Consider the sit toring the marks secured by 100 students in a class for the | An PET is a 
pject Physics. With the knowledge that we have | collection of 
similar type of 
variables under a 


i | common variable 
have to deal with 6x100=600 different variables! This | 


name. 


Mtg Jo store similar types of data for a common Purpose, 
44," jarge number of data we use a special type of storage ay 
\| Gf similar type of variables under a common va rath 
in. | Data Structure to store a collection of data, Thus arrays can be a Collection of marks obtained by the different | “ sh aM 
n%| students in a class, the individual age of all employees of a company, it can be the daily average temperature | @rray 
fh readings of a city, it can be a collection of first names 


As data can be of various types like integers, floats, characters etc. accordingly can have a collection or Array 
of integers, floats, characters etc, But remember that all elements of any given array must be of the 
same data type, i.e. we cannot have an array of numbers some of which are ant and some float etc. 
ther all should be int or all should be f1oat or a 


I should be cha etc, The different values stored in the | 

Mtnj, | array are called Array Elements. 
ety 
(2 im 13.2 How to declare an Arrat 
Mix | Uke all other variables, an array needs to be declared first before it can be used. The declaration consists of | 
tem) stating the type of data used in the array, the name of the array and the number of elements stored in the | 
lisa} aay as shown below: 

int "physics (20) ; 


BENG 9) is TRA TR aa) ip 


3 v me Mi teed eee 

ih In the above declaration, the set of Square brackets [ ] tells the compiler that we are not dealing with a | | in an arvay 

dia simple variable but an array. The above example declares an array named Physics (just like other identifier oecup 

at orvariable names) which can store 20 int type values, ‘onsecutive 

et float AvgTemp[365] ; memory locations, 


isilhaa WSS ih Seba a aba 


Similarly the above statement declares an array to store the dally average temperature for a city over a year 
(le. 365 days), 


'n general, suppose we have a finite series S of 7 numbers as shown below: 
5=2,5,8, 11, 14, 17, 20 
Then the 1% element of the series is 2, the 2 element Is 5, 3" element is 8 ... up to the 7 being equal to 


bok if we dectare an array called § to hold these 7 numbers, then the declaration portion of the array will 
like this: 


ae 


= 
Vemma ue: = yy 


anint | [ Name ofthe srrayf The array stores 7 values pestering an 
reese —— S oa y 


| Detaipe of each value in the array Is 
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Let us now find how to denote the different array elements represented by the array ant S(7] in. 
or The first element of the array s is + s[oj=2 (NOT s{1] ) eae 
nae ay | The second element of the arraysis > s[1]=5 (NOT s{2] ) S[0) 5 
elements are c 
stored inmemory | The third element of the array s is — s[2]=8 (NOT S[3]) 
s[t}4 
| The seventh element of the arraysis — s[6]=20 (NOT S[7] ) em L 
a % | Thus the numbering of array elements starts from 0 and not from 1, i.¢. si2] { 
An eeu an array with 100 elements will have the elements numbered from ‘0’ to ‘99’ and =| 
starts from Oo 
| 


(zero). For ann 
element array the | 
index goes from o | When one declares an array, C sets aside sufficient memory to store the array $[4] si 
to n-1 | elements, depending on the type of data and the number of elements 
yy declared, The array elements are stored in consecutive memory locations (i 
depending upon the type of data. S{5] 1 


For example for the above array S[7] declared with 7 integer values, if C assigns 

the memory location 1001 (say) to the first element, then we will have S[0] sié] + 
stored in location 1001, $[1] stored in memory location 1003 and so on. Note 

that, as an int type data occupies 2 bytes therefore two bytes of memory i.e. 

1001 and 1002 are allotted for s[0}, similarly 2 bytes for s[1] etc. Hence for the int type array the 
consecutive memory locations are filled up as 1001, 1003, 1005 etc, as shown in the diagram above (for a 4 
byte integer, the address of s[1} will be 1005 and so on). 


not from ‘1’ to ‘100’, In general array[n] will have data elements from sia { 
array(0] to array[n-1]. 


-_ 


Remember that while declaring an array, the total number of elements needs to be declared. 
However, while accessing the elements, the index starts from 0 to one less than the total number of 
elements i.e. from 0 to (7-1) = 6, for an array with the above 7 elements. This point should be carefully noted 
as this may result in common future bugs. The following section will clarify the point. 


The fact that the indexing starts from ‘' may be thought of as the offset number of an array element. The 

array index gives the position of that array element with respect to the first array element. Hence 
| array[1] indicates an element 1 unit farther from the first element, array[15] indicates an element 15 

units away from the first element etc, The interpretation will be clear when later we learn about pointers. 


oP 


gdata into There are two methods to enter data into an array. These are by initialising an array with data elements 
anarray during design time or by entering data from the keyboard during run time, First let us see how to enter data 
from the keyboard. The following program shows the method. 


/*Program-99: To find the average of a set of numbers using an array*/ 
#include<stdio.h> 
int main() 
{int physics[(20], i, sum=0; 
float average; 
for(i=0; i<20; i++) 
Normally a for, {printé ("Enter marks for student-td: ", i); 
EF, is used to 
access an array. | 
—/|0 
i1 average = sum/20.0; 
12 peint£("\nThe average in Physica for 20 students = %.2£", average) ; 
| 13 return 0; 


scanf("%d", &physics[i}); 


SON AHAKWHHK 


sum = sum + physics[i]; 
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puto” sacks £0 student-0: 76 
for student 
0) for student-2 


for student-19: g@ 
in Physics for 20 students = 74,39 


oe: s rs the mi it a i 
on on nd physics] Which is declared in line-4, The Pac al Fai eed it te sine 


viable 4 |“1' by the i++ operation. In the next iteration in 
vig the scané() function enters the Value into the variable physics]. This value is then again added 
woe variable sum i line-89. 


jntnismanner the for loop in the above program repeats 20 times (for 1=0 to 1) to input the 20 individual 
mans nto the array elements physics [0) to physics(19]. We have used the same loop to read data and 


lues in line-9, In li average , i 
to do the sum of the val in line-11, the is calculated and stored in the variable 
pees It is subsequently printed in line-12, ‘ . | 


se next program is used to calculate the standard deviation of a set of numbers. The standard deviation is 


iC 


qiven by the relation S.D. 


2 | 
) , where K denotes the average of a total of n values and Xi 


n 


denotes the individual * value, 


yer the average needs to be calculated first, before calcuating the standard deviation. As before the | 
average is calculated using the input loop, and a second loop is used to calculate the standard deviation. The 
caath. h> header file is being included to calculate the square root using the sqrt() function. | 


/*Program-100; To find the standard deviation of a set of numbers using an array*/ : my 
finclude<stdio.h> 


fincludecmath.h> | Standard 


| deviation using 
fidefine MAX 20 | an array 


{float physics [MAX], sum=0, average, sd1=0, sd2; 
int i; 
for(i=0; i<MAX; it+) 
{printf ("Enter marks for student-%d: ", i); 
scanf("$£", &physics[i]) ; 
sum = sum + physics[i]; 


1 
2 
3 
4 
5 int main() 
6 
7 
8 
9 


BEG 


average = sum/MAX; 
for(is0; icMAX; i++) 


15 edi = edi + (average - physics[i])* (average - physics[i]) ; 

{6 edz = sqrt (adi /Max)': 

17 “prints ("\nthe required’ standard deviation in Physics marks = %.2£") 9d2) ; 
18 return 0; 

19\5 
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Output: 


Enter marks for student-0: 76 
Enter marke for student-1: 80 
Enter marks for student-2: 66 


Enter marks for student-19: 68 
The required gtandard deviation in Physics marks = 2,32 


In line-4 we have defined a macro Max to represent the value 20, In line-6 we have declared a float type 
array called physics [] to store MAX (ie. 20) number of £loat type values. The fOr, loop in ines is used 
to enter the values into the physics {] array as in the previous program. The sum is calculated in line-11, 
The average is calculated in line-13 by dividing the sum by the total number of elements i.e, MAX. 


The for loop in line-14 is then used to calculate the sum of the squares ie, X( average ~ x{i] )?. The 


| &xpression (average-physics[i])*(ayerage-physics[i]} In line-15 is used to calculate the square, 


The required sum is stored in the variable sd1. 


Finally in line-16 the required standard deviation is calculated by taking the square root of the expression 
sd1/MAX (as MAX indicates the number of elements n) using the sqrt () function and storing the result in 
the variable sd2. The calculated standard deviation is printed in line-17. 


While entering data into an array, care should be taken so that the input data does not surpass the 
number of elements declared. This means that if a 10-element array is declared, then the loop should be 
used to enter 10 elements only. Otherwise the 11" and subsequent elements can be written onto memory 
locations reserved for other data, leading to unpredictable results. The compiler will not show any errors and 
hence this may remain unnoticed initially. 


* Initialising an Array: 


| Next we discuss how to initialise an array, which is our second method of entering data into an array, 


Just like initialising any other variable, we initialise an array by writing down the initial data elements that the 
array can hold. (An un-initialised array contains garbage data, unless it has been declared as a static variable 
array). The method to do this is to write down the array elements separated by commas within curly 


| brackets, as shown below. 


int weight[7] = (100, 50, 20, 10, 5, 2, 1); 
int weight[] = (100, 50, 20, 10, 5, 2, 1); 
float constants[2] = (3.141593, 2.718278); 

The first example shows a 7-element array called weight [7], declared as containing int type data. The 7 


integer values placed after = within a pair of curly braces { } in the declaration indicates the 7 elements in the 
array. Thus the following values are automatically assigned to the respective array positions: 


weight[0] = 100 
weight[1] = 50 
weight [2] = 20 
weight [3] = 10 
weight[4] = 5 
weight [5] = 2 
weight [6] = 1 


Similarly the third array constants [2] indicates a 2-element array of floating point values, where: 


constants[0] = 3.141593 
constants[1] = 2.718278 


The second example shows an array whose element number is not declared inside the square brackets. By 
default an array assumes the number of elements as indicated by the number of initial values, 
which in this case are 7. Hence examples 1 and 2 are the same in effect. However, in case the number of 
elements of an array Is specified within square brackets but all the elements are not initialised, then the 
un-initialised elements will all be initialised to 0 automatically. 
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10 gio] = SA Deeds 
wind values will be assigned to the array elements: 
0 H 


ne 0 6 


sapol4l=9 
¢ib0 [3] and £ibo[4] are automatically initialised to 0 
y need to initialise the whole array to ‘0! 
int #4d0[20] = (0; 


pote that 


i , YOU Can simply write: 


e ten elements in the array £1b0[10) will be i 
Al . operations Ke ALS]=AL4] 4k; oF BU) 
we 


be initialised to 0. Array initialisation is needed in case 
=B[i] *k; where k Is any term, 


ii-dimension arrays we mean arrays with more than one set of 


- [t] where m, n, p, ... tare the 
ion. The first of a 
da matrix with 
rts from ‘0’ and 


® i and are of the form Am] [n] [p] . 


: vit indexes and each [] bracket represents one dimensi 


dimension array is a 2 dimensional array also calle 
nut and columns. The numbering of each row sta 
n nds up to one less than the total Number of rows, Similarly the numbering 
column starts from ‘0’ and extends up to one less than the total 


lumns. The combination of a row and fl 
ie af a eae te natin: @ column number gives the 
the figure on the right shows the naming of a 3 by 4 matrix. The rows are 
mbered as 0, 1, 2 (total 3 rows) while the columns are numbered as 0, 1, 2, 
3 (total 4 columns). The fow number and column number together 
identify any element within the matrix. If the 3x4 matrix is named as M, 
the element in row no. 2 and column no. 1 can be written as Mai or 
M[2IL4] (and not Mz2 or M[3][2]). 
just Ike an array, a matrix can either be initialised or the values can be input. 
Let us now see how to initialise a matrix. It will be easier to treat a matrix of 
mows and n columns as an array with m elements, each of which in turn is an array with n elements. With | 
this approach let us see how to initialise a 3x2 matrix int. mat [3] [2] (three rows and two columns). 


int mat[3] [2] = 
Or int mat[3] [2] 


{ {elements of row-0), {elements of row-1), {elements of row-2)); 
{ (110, 220), (111, 221), (112, 222} }; 
{ 


Or int mat{3][2] = {110, 220}, 
{111, 221), 3 rows 
(112, 222) 
; % ~ a _——— | 2columns | mat | 
; See ial 
The above declaration shows how matrix can be initialised using the Gy-| foto) || [ov] | 
concepts of an array. By properly aligning the initial values we can clearly Row 1 0 
see the 3x2 nature of the array. This concept can be further extended to pam) | £1300) | | E0041 | 
initalise 3 dimensional arrays. A 3D array can be conceived as a set of ‘20 lz 
2D matrices, Thus a 3x2x4 array can be thought to consist of 3 Ep- 0) | 


matrices, each table having 2 rows and 4 columns. 


a 


Initialising an, 
array with '0' 


Representing a 


matrix 


® 
A 2 dimensional 
array is called a 


Mal 
initialisation 


The first index of 

@ matrix indicates 
the row number | 
and the second | 
index the column 
number. 


You can altogether do away with the brackets by writing all the 
ements in a single line separated by commas as shown below. 


int mat[3} [2] = (110, 220, 111, 221, 112, 222); 


In the above representation, the compiler will automatically 
Separate the above elements into 3 rows and 2 columns. 


2” row array 
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the row index is optional but the column index must 


ly in memory from 

be given, This is essential because as said earlier, the elements are cuentas ca oF Nene ee 
Memory location to higher memory location ant vi nt rows. Hence the initialisati 
on the number of columns present, to separate the elements into differe - ion 
shown below is perfectly valid and the same as the one shown in the 

int mat(][2} = (110, 220, 111, 221, 112, 222); 
we have to simply write the following code: 

int mat[3][2]={0); 
Important Note: One thing should be noted while initialising arrays. In HRS a a ah ype 
arrays (ie. arrays declared outside all functions and having a global scope) NG S nisitie initialisation 
array within any function, you have to declare an array as static. However 5 i tematic local ton 
of arrays locally. Hence all compilers compatible with ANSI C will allow initialisation i aul fa faa eat 
However to be on the safe side one can always declare a local array as static as shown alise it 
locally irrespective of the type of compiler used, 

int main() 

{ static int array[10]=(2, 6, 8, 4, 3, 7, 9, 5, 4, 4)7 


) 


» How multi-dimension Array elements are stored in the Memory: 


Just like a one-dimensional array where the array elements are stored 
consecutively, the elements in a matrix are also stored linearly in a | 
consecutive manner. In a matrix, the rows can be thought of as laid ““g901 6003. 6005 6007 
‘out consecutively one after the other in the memory such that, where 
the first row ends the second row begins and so on and so forth. The 
diagram on the right illustrates the fact for a matrix M[3] [4]. The 
memory allotment starts from location 6001 and increases in steps of 
2 until the element M[o} (3) is reached. After that the next memory 
location 6009 is allotted to the element M[1] [0]. The general rule 
is that arrays are stored in memory such that the rightmost index 
value varies most rapidly. 6017 


It is also evident from the above diagram as to why the second index i.e. 
the column index in a two dimensional array is essential. While going 
through the memory locations, a new row is indicated after the memory space 
proportional to the number of columns have been traversed. Thus the way the 
elements are stored takes a new row automatically after the number of 
columns have been traversed. 


The above method of storing the elements in memory is known as 
row major configuration. Another way of storing the values is the 
column major form, where the elements are stored column wise. In this 
method after storing the elements of a column in consecutive locations, the ~g943 5 6015 = 6017 
elements of the next column is stored as shown in the diagram on the right for 
the same matrix M[3] [4]. 


|/Mc1i(0) 


6019 6021 6023 7 


The following program shows the use of matrices. The program declares a 
square matrix and prints the sum of each row separately. 

/*Program-101: To display the sum of the rows of a square matrix*/ 
2 #include<stdio.h> 
3 fidefine MAX 10 
4 int main() 
5 {int mat [MAX] [MAX], 4, 4, sum, n; 
6  print£("\nEnter total number of rows or columns in the matrix: "); 
7 seanf("td”, én); 
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ua Fide ans At#) 

i) 10 gor (07 j<n; j++) 

15 {printé ("ad\t”, mati} [5});) 


printé("\n") i 

" ) 

8 gor (201 i<n; i++) 

! {oume0; 

n for (320) S<nz j++) 

! {gum = sum + mat [i] (3) ;) 
MB print£(*\nThe sum of row{td] is 


3 : 8a", i, um, 
fig ee 
return 0; 
8 
6} 
output: 


gnter total number of rows or columns 
enter element-[0] {0}: 
pater element~(0) [1]: 
|‘ pnter element-[0] (2): 
unter element~(1] [0]: 
gnter element-(1] [1]: 
gnter element~(1) [2]: 
yntor element~ (2) [0] : 
“antor element [2] [1]; 
E element-(2] [2]: 


nput matrix is; 


in the matrix; 3 


IPS 1s toda IN Te Ba IS 


4 1 
4 5 1 
1 7 


ie nn 6 lof row[0] 4s: 7 
he eum of row(1} is: 16 
. ne sun of row[2) is; 10 


Amatrix called mat Is declared In line-5 containing max (Ie, 10) number of rows and columns, As we are 
dealing with a square matrix, the number of rows Is equal to the number of columns, The actual number of 
rows or columns required by the user Is input in the variable n in line-7. 


The nested fox loop of lines-8 to 12 are used to Input the values in the matrix. For n=3 (as shown in the 
output), the outer £or loop of line-8 will run for 1=0 to i=2. For every new value of 4, the inner for loop of 
line-9 will also run 3 times for j=0 to j=2, 

The outer loop therefore scans each row, and for each value of i, the inner loop scans all the columns in that 
tow for the different values of j. Hence the [/, j] combinations produced by the loops for n=3 will be: 

« Loop-1: i=0: Loop: j=1,j=2. Hence the matrix indices covered will be (0,0), (0,1), (0,2) 

* Loop-1: i=1; Loop: Hence the matrix indices covered will be (1,0), (1,1), (1,2) 

* Loop-4; i=2: Loop: Hence the matrix indices covered will be (2,0), (2,1), (2,2) 
When the loops have completed, the input values will get stored in the matrix mat, The nested for loops 
from line-14 to 18 are used to access all the elements of the matrix and print them in matrix form, The 
Print£() statement in line-16 prints each element accessed. Note how the tab character *\t’ is used to print 
ach value at fixed tab distances so that the column values are properly aligned. 


et 
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alues for each row. In line-20 afte 
The final nested loops from line-19 to 24 are used to get the sum of ote ee eens Ka belie 
the outer loop starts for a given row the variable sum |S initialised to 0. tiene 
then accesses all the values in that row and the code In Mh oon 

the inner for loop ends, the calculated sum for that row ) 


row valu 
Is printed using the printf () stal 
tarts with a new value of 
he previous row. 


i, the sum variable 


After the end of each run of the inner loop when the outer loop S| et 
Is again initialised to 0 In line-20 to remove the sum value stored in it from 
sxplicitly) 

ction for calculations with the ary 
letely different from that of 


Passing arrays to functions (without using pointers 
Just like normal variables, an entire array can also be passed to Som 
el ra’ - 
elements, However the method behind the passing of an a Y able ta a function, a copy of the actual 


passing any other variable. As you ma\ recall, while passing a Vv‘ 
tegument value is made by C and frat Soy Is passed to the called function as a oman Therefore 
any changes made to that value by the called function do not affect the actual varial . 

ments of the array being passed to the 
Depending upon the type of the 
its are determined from the size of the array, 
I the elements of an array and then to 
type array consists of 5 integers and 
ly the addresses of the subsequent 
it is sufficient to indicate the 
d, to access the entire array. 


However when an array is passed to a function, Instead of all the ele 
function, only the address of the first element of the array is passed. 
array (i.e. Int, float etc.) the subsequent addresses of the elemen' 
Otherwise, it would be really time and space consuming to copy al 
again pass the copied values back to the called function. Thus if an int 
suppose the memory address of the first integer is 6200, then automaticall 
elements can be calculated as 6202, 6204, 6206, 6208 respectively. Hence 


address of the first element of the array and the total number of elements store 
s, Either by writing sarx (0) where arr is 


y! ek 
the name of the array, or by writing only arr. When only the name of an array is used it indicates by default 
the address of the first element of the array. The formal argument therefore receives the address of this first 


element of the array (more of this Is discussed in the next section). 
Moreover since the address of the variables are passed to the called function, any change made to the 
fore permanent i.e. the same changes 


array elements happens on the original array and are theret ‘ 
here the same array is being used. When arguments are passed by this manner 


then it is known as passing an argument by reference as opposed to passing an argument by value. Keeping 
the above points in mind the following rules should be followed while passing an array toa function: 


1. Only the array name should appear without brackets as an actual argument within the function 
call, Thus If we have an array called marks [20], then the actual argument when passing this array will 
be only marks and not marks [20] or marks[]. Example display (marks, n) ; 

. When declaring the formal arguments within the function header, the array name is however 
written with a pair of empty square brackets (for example as marks[]). (For a two-dimensional 
array however, the column index should be specified, as we will see later). 

ram below illustrates the above concept by using a function to calculate the sum of the squares of 


the numbers In an array. 
/*program-102; Program to find the sum of the squares of numbers in an array */ 
#include<stdio.h> 
define MAX 100 
int Sum(int list{], int x); /*Function prototype of Sum function is declared*/ 
void main() 
{ int arr[MAX], 4, n, 8; 
printf("\nEnter total number of elements in the array: "); 
scanf("td”, &n); 
for(i=0; i<n; it+) 
{printf ("\nEnter Element-%d: ", i); 
scanf ("d", Garr[i]); 


) 
13 8 = Sum(arr, n); 
14 print£("\nThe required sum is td”, s); 
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function prototype to carry out the sum is w 
in jine4s ues. In line-7, the actual number of elements 


fa! 
il - Hae js then used to enter the values in the arr: 


5 written. In line-6, an array is declared to store 100 
in the array is entered within the variable n. The for 


azein] &  aesed to the function. Without this th 

is also pa : ler are no ways the called function can know about the 
wet of values in the array. Accordingly the header of the function sum() contains the formal argument 
met) corresponding to the actual argument arr (indicating the address of the first element of the array) 
ie the formal argument x corresponding to the actual argument n (indicating the total number of elements). 


nour example, the address of the value 3 i.e. the address of arx(0] will be stored in ist and the total 
number of elements i.e. 5 will be stored in the Variable x. In line-17, the variable m is declared to store the 
on of the squares. The for loop of line-18 is used to calculate the square of the values. Line-20 then finally 


mms the calculated value m. Since m is also an integer, the retumn data type of the function is also an 
integer 25 indicated in the function header in line-16. 


she returned value is stored within the variable s in line-13 and displayed in line-14 using printé (). 


Tilnow we have dealt with variable types that deal with integers, floating point numbers, characters etc. The 
ting system reserves memory space in the RAM to store these variables, when variables of these 

ata types are declared. Thus each variable has a particular memory address associated with it. When 

gearing a variable, a variable name is given to identify the variable. That particular variable name is 

then used to access the value stored in that variable, Thus all calculations or comparisons are made using the 

rame of the variable. 

However there is another method to use the value stored in a variable without using its variable 


name, The method involves using the memory address of that variable. To access a variable using its 
memory address, sometimes the address itself needs to be stored in another variable. 


Due to some special properties of memory addresses, C provides us with a special type of variable called a 
‘pointer’ to store the memory address locations of other variables. Address value of a variable can be 
stored in such a pointer type variable only. Pointers are used extensively in C. 


There is @ direct relation between a pointer and an array type data. We will see in this section how we 
Gi use an alternative notation using pointers to access an array. In the next class we will have a detailed 
discussion on using pointers in various other situations. 


ie Address operator: 


C provides us with a special operator called the ‘address of’ operator represented by the ampersand 
symbol & to access the address of a variable (we have already used this operator while using the scanf () 
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function). The following example shows a method to view the address location where the variable x js 
stored (address location indicates the starting address of the variable): 


Q 


The TEEN 1 /*Program-103:Use of Address Operator*/ Location 
pucaadaress F || 2 void main() Address operator Name 
pperatori at used on variable x 
used to get the 3 ( int x = 16; 
address of a # printf("\nAddress of x = tu ", Gx ); /*hdde x.) 
variabe s printf("\nThe value of x= $d", x); /*Value 
a 
J J Value at 
Output: Memory 
pass location 
Address of x = 8900 8900 


The value of x = 16 


The expression &x returns the address where the value of the variable x is stored. In this case it is 
found to be the memory location number 8900. Since an address location is always @ positive integer, we 
have used the format specifier tu to display an unsigned integer type variable. 


ea * Declaring a pointer: 


aringa_ Till now we have only displayed the address location of a particular variable using the address operator ¢ 
on the variable name. However, there may be a need to store this address for later use in a program. For 
this, just like any other variable declaration, one can also declare a variable to store the address 
location of another variable. As discussed in the previous section, such a variable is known as a pointer 


= variable, 
& Being a special type of variable, a pointer needs to be declared in a special way too. To declare a 
r Tofa | pointer variable, we have to first know the type of the variable whose address the pointer will store, i.e, 
is the whether the pointer will store the address of an integer type variable, or a float type variable or a character 
data type of the type variable etc. The data type of that variable whose address it will store, will form the data type 
variable whose of the pointer (the reasons for this will be made clear in later). 


address it stores, Thus we declare a pointer variable by first stating the data type of the pointer, followed by a‘ * ', 
followed by the pointer name. The following examples will make the idea clear. 
oe int *x; = declares a pointer variable called x which can store the address of an integer 
type variable. 
Data type of ‘ ¥ . 
apointer feat *y7 > declares a pointer variable called y which can store the address of a float type 
variable, It does not indicate that y is a floating point type variable. 
double *z; => declares a pointer variable called z which can store the address of a double type 
variable. It does not indicate that z is a double type variable. 
char *m; = declares a pointer variable called m which can store the address of a character 
type variable, It does not indicate that m is a character type variable. 


In our programs we have declared pointer variable names starting with a ‘p’, as in px, py etc. 


eo « The indirection operator: 


indirection | Till now we have simply used the variable name to display or access the value stored in a particular memory 
Operator location. Now we will find out how to access the same value using its memory address location, instead of its 
name. We have to use a special operator called the indirection operator (*) to access the value of a 
variable using its address. The indirection operator acts on an address and displays the value that is 

stored in that particular address location. 


In the previous example where the variable x has address location ‘g900’, the indirection operator can work 


* 


pLeAindirection on this address and access the value that is stored there i.e. 16. The following example shows the use of the 
© 7) gets the | indirection operator to access the value contained in the variable x. 

value at the 

address stored in 

a pointer. 
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J 
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J peinte( 
6 
1 ! 
t of the above program is: 

utp go of x= 8900 

pase que of x using variable name = 1¢ 
ive of * using indirection operator = 1¢ 


‘mm 
gre 


es esents the address where value of the Vv 
gince fore the address i.e. before gx will give 
ia me case, the value stored at the address location 


ariable x is stored, the * or indirection operator when 

the value stored at the address location éx. In the 
Of xis 16, as shown, 

e indirection operator can also be called 
red-at-address Operator as it can be used to 

win using that address location. The following diagram 


the value-pointed-by-address operator or 
display the value stored at a particular address 
Clarifies the idea. 


| Sx => 8900 | < Address of variable x 


ws | x > 16 | | = Vali of variable x 
| f (6x) 2 tte900, > a6 | | 


<= Value stored at address of variable X 
Value stored at —— location ofx J Value stored at address location 8900 


when we had run the above program, we got the address location for the variable x as 8900. However this 
isnot a fixed value and will change from computer to computer and within the same computer for each run 
the program, because each time a variable is declared, it is assigned a block of address depending upon 


the available memory slots at that time. Thus we can conclude that the address of a variable is itself a 
variable and hence can be stored in another variable. 


+ Using a pointer variable along with the indirection operator: 


inthis section let us see how we can use a pointer variable to store the address of another variable and then 
gocess the value of that variable using the pointer and the indirection operator. The program in the next page 
ilustrates the use of pointers to address and display variables: 


| /*Program-105: Declaring and using a Pointer*/ Memory Space 

i i —— Memory 
2) esha The * indicates that px is not a Neriable Address 
3 {int x, *px; normal integer variable but a y 
4 px = &x; pointer type variable 1 
5 we lG; ig 
6 printf("\nAddress of x using address operator = tu", &* ); 


7 printf ("\nAddress of x using pointer = $u", px ); 

§ _ print£("\nThe value of x using variable name = %d", x ); 
9 print£("\nThe value of x using address = $d", *(éx) ); 
10 printf ("\nThe value of x using pointer = td", *px ); 

it. 3 


Output of the above program is: 


Address of x using address operator = 8900 
Address of x using pointer = 8900 

The value of x using variable name = 16 
The value of x using address = 16 

The value of x using pointer = 16 
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pointer and array 


Part 4: Chapter 13 


The diagram in the previous page shows the relation between the different variables, and the values Stored jp, 
those variables, It is seen that the memory location indicated by the variable name x has the addres« 8909, 
The pointer variable px is stored at the memory location 9906. (We have reserved 4 bytes for Pointer 
variables, as is done in modern ANSI compilers). 


Line number 3 in the above program is used to declare the variables x and px. The variable x is a Normal 
integer variable while the variable px is a pointer variable. To indicate that px is a pointer variable, as stay 

in the previous page, a‘*’ is placed before px. Therefore the declaration int *px indicates that px jg a 
pointer type variable that can store the address of an integer type variable. 


In line number 4 the address of the integer variable x is assigned to the pointer px. The address operator Is 
used to get the address of the integer variable x. Thus &x gives the address location where the variable x \s 
stored. In this case it is equal to 8900. The statement px=ex then basically assigns the address location 
of x, i.e. 8900 to the pointer variable px. 


Since the value 16 is assigned to the variable x in the program in line 5, this value gets stored in the memo, 
location 8900, Similarly, the address of the variable x is assigned to the pointer variable px in line 4, ang 
hence this address i.e, the value 8900 gets stored in the memory location 9906. 


Lines 6 and 7 both are used to display the address of the variable x. While in line 6 the address operator 'g’ jg 
used to extract the address of x and display it, in line 7 the pointer variable px is used to display the address, 
Since px stores the value 8900 it gets displayed by the printé(). 


Lines 8, 9, and 10 are used to display the content of the variable x i.e. 16. In line 8 the value Is displayed by 
simply using the variable name x. In line 9, first the address of x is extracted by using the ‘s’ operator, Next 
the value stored at that address i.e, at 8900 is displayed by using the indirection operator '*’. In line 10, 
the indirection operator ‘*’ acts on the pointer px to display the same value stored at the address 
pointed by px i.e, it displays the value stored at 8900. 


* px => * (6x) > L* (8900) | > 16 
{ “ = 
Value Address Value Address Value Address Value stored 
stored at location storedat location stored at location at address 
indicated ofx 8900 location 8900 
by px 


There can be a confusion regarding the use of the indirection operator '*’ in line 3 and line 10. Note that 


| during the declaration in line 3, the indirection operator ‘*’ In the statement int *px can be interpreted to 


indicate that "the value stored at address in px is of type int”. Whereas in line 10, the '*’ before px is 


| simply used to indicate the value stored at address in px. 


The above process of getting the value of the variable x by using the indirection operator '*’ on the pointer 
px is known as dereferencing a pointer. We always need to dereference a pointer to get to the value that 
it points to, as has been done in line 10 of the previous program. 


* Relation between a Pointer and an Array: re 


It is interesting to know that in C, arrays and pointers share a special 
relationship and work in a similar manner. This is because the name of a one- 
dimensional array gets automatically converted to a pointer and the array 
name points to the starting element of the array. This may make you think that an 
array and a pointer are identical - but in reality these are not and a proper 


understanding of this can help you avoid various confusions in future. Let us consider | 


= 
eB 


3007 
3008 
3009 


an integer array to clarify this and see how its behaviour is related to a pointer. 
int arr[5] = (80, 55, 75, 88, 49}; 


Once the above array is declared and initialised, memory space is allocated for 
storing the 5 integer values as usual. The memory diagram shows the memory 
allocation. The array starts from the memory location 3000 and goes up to 3009 ie, 
a total of 10 bytes. The contents of the locations are also displayed. 
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tv jscuss the various arithmetic operations on 


no 


int t 
a0 est is declared, the array name points to Pointers and what they mean. We have seen thal 
al 


: the location of arr [0]. For any array arr[] we 
wr have: 


= éarr[0] 


dd ‘1’ to the array name it indi i 
,, when We a arr, it indicates the address of the next element i.e. 
ae arr(1] (and not the address of the next byte). Similarly when we add ‘2’ to the array name arz, it 
ric the address of the element arr [2]. If we generalise this Property, we have: 


os = farr(0]_ => location 3000 (As per the c standard) 
ar sarr(0] = location 3000 (As arr and arr+0 indicate the same thing) 
yeti @ farr(1] => location 3002 (Nor 3001) 
ie +2 => Sarr[2] = location 3004 (wor 3002) 

warti > arr[i] => Address of the it element of the array 


“Hence In general (arr+l) => Sarr[i] = Address of th 
——<— _ — —— | 
fe have seen that the array name arz indicates the address location 3000, When we add ‘1’ to arr the 
reult is not 3002. but 3002. That Is, the value ‘2’ gets added to 3000. This is a speciality of arithmetic | 
jons on address locations and is called pointer arithmetic, Pointers and arrays behave in a similar 
manner aS far as pointer arithmetic is concerned Thus we have the property: 


ie Pointers increment in units depending on the data type they point t to 


element of the array _ 


| 
_ | 
Snce an int type data occupies two bytes, with each increment an int pointer will increment by | 
nits of two bytes to point to the next data element in a list. Whereas a float type pointer will increment 
ty units oF four bytes to point to the next data element. Similarly when dealing with arrays, when using a 
float type data array arr [], if arx points to 3200, then arr+1 will indicate 3204 and not 3203. That is, 
arrt1 points to the address of arx[1}. Hence for an array, when an integer i is added to the array 
fame, the resultant expression points to the i" array element. 


re can store a set of values of a particular data type in two different ways. The first method is by using 

| mamray (static array), which needs to be declared during writing the program code. The other is to reserve a 
nemory block sufficient enough to hold all the values, but this time while running the program (dynamic 
aray) (will be discussed in class 12). If the end result is the same in both the methods, i.e. storing a set of | 
values of a similar data type, then these should also behave in a similar manner. As the array name with | 
froper subscript is used to access the stored values in the first method (as arr[0], arr[1] etc.), in the | 
sxond method a pointer is used to first point to the address of the first value stored in the memory block. 
Then by successively incrementing the pointer using an expression like p+1, where p is the pointer, one can 
‘tess all the values stored in the memory block one by one, However, in this method if the pointer was not 
(écared with a data type (as int *p etc.), the meaning of the statement p+1 would be vague. It will not be 
eat how many bytes to jump for such an increment to point to the next value in the block. Hence pointers 
Soul be declared based on the data type whose address it is going to point. 
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Part 1: Chapter 13 


We have seen that the array name arr points to the address of the starting element of the array ar. 


S156 


Thus *arr indicates the value stored at the ot” position of the array. However, as per array Notation 


(arr+4) by the expression * (arr+4) = arr[4]. In general: 


arr [0] represents the value at the 0" position of the array. Therefore *arr = arr [0]. Now *arr is same 
as *(arr+0). In a similar manner we can represent the 4" element of the array pointed by the address 


*(arrt0) => ‘*(Garr[0]) = Valueatthe address carr([0] => arr[0] 
*(arrt4) > *(6arr[4]) = Valueatthe address carr[4] => arr[4] 
*(arrti) > *(6arr[i]) => Value atthe address sarr[i] => arr[i] 


J 


The fact is that, whenever we write a statement like arr[iJ, the C compiler immediately converts it Using 
| pointer notation to the form *(arr+i). Hence the following statements are all same, as after they are 


| converted to the above notation by the compiler, they all represent the same thing: 


arr(i] sameas *(arr +4) sameas *(i + arr) same as 


* Arithmetic and Logical Operations on a Pointer: 


ilarr) 


We can perform the following operations on pointers. Thus for a pointer p of data type dt we have: 
* Add an integer to a pointer as (p+i): Points to address p+i*sizeof (dt) ahead of p 
|» Subtract an integer from a pointer as (p-i); Points to address p-i*sizeof (dt) behind p 
| « Subtract one pointer from another (pi-p2): _ Gives number of bytes between p2 and p1 
= Compare two pointer variables: To find which address is ahead of the other. 


| However following operations are not possible on pointers for obvious reasons: 
|» Add two pointers 

* Multiply two pointers 

« Multiply a pointer with a number 

® Divide two pointers 

« Divide a pointer with a number 


We had seen in the previous section that adding an integer to a pointer 
moves the pointer to a memory location ahead of the pointer 
depending upon the data type it points to. Similarly, subtracting an integer from 
a pointer will make the pointer point to a previous memory location. 


| However to subtract one pointer from another, it needs to be assured that 
both the pointers point to elements of the same array or memory block. 
The difference indicates the number of elements separating the two array 
elements to which the two pointers point. 


* Manipulating Arrays using Pointer Notations: 


The following program illustrates the use of pointer notation to access 
array elements by calculating the standard deviation of a set of numbers. 


=m 
0 6 


3008 


j 
- 3° 
| 1 /*Program-106: Standard Deviation using Pointer Notation*/ a; ts 1 
| 2° #include<etdio.h> = 
3 #include<math.h> = 
4 rem 
5 void main() Gap is i 
6 | {£loat num[MAX], suml=0.0, sum2=0.0, term, mean, sd; 
7 aint i; Ui) 
8 for (i=0; i<MAK; i++) f eed 
| 9 {print£("\nEnter number-d: ", i+1); 8 
| 10 scanf("%f", num+i) ; /*Enter data at address num+i */ Gp f° 7 
| it sum] = suml + *(num+i); /*Value stored at address numt+i*/ | a 
12 ) es 
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F ar sum /MAX ; 
” (i207 LQMAX; i++) 
2 pow( (*(num+i)-mean) 2); /+ 


Arrays in © 


for 
(tex™ 
pod 2 oad + tees 


! 
; on sqrt (sum2/MAX) ; 
‘s ante ("0 required standard deviation is 4.3¢" 


a 


sd) ; 
y ! 
of the above program: 


Variable Value Memory 
Address 


Name lee 
5 


Jom Ht Hy Fay IN 


sater © 
ge ret 
we have defined the value MAX as 5. In line-6, the floating poi 
x , g point arra\ 
Ws aa have been declared along with other variables used in the Sroorente 
3 


. a for loop is used to enter the values into the array. 
— to ica. - edt in ae the pointer ae ies 
of the array notation to enter a value into the i positi 
por scanf() statement. Remember that the arTa tale cos ae 
of the 0% element of the array i.e. snum[0} (or 3000 in this case). 
numti indicates the address of ‘the i element of the array ie. 
palil: Hence we have replaced the notation snum[i] with num+i in 
scant ()- The memory diagram shows the position of num+i for different 
ques of 3. 
in fne11, the sum of the entered numbers is calculated again by using the 
ter notation. AS (num+i) indicates the address of the i® element of the 
ary, * (nome) indicates the value stored at the address location indicated by 
(ponti) OF simply the value num[i}. In line-13 the mean of the above values [ume : 
é 
Ine-14 starts another for loop, to calculate the sum of the square terms. In 
ne-15, the square of the expression (*(num+i)-mean) or (num[i]-mean) | 
is clouated using the pow() function. In line-16 the sum of these square terms is calculated. Finally line-18 | 
Gdaiates the required standard deviation using the sqrt () function. | 


43,6 Some worked out exa S 


Various problems can be handled easily by using arrays as listed below: 
+ Aray order reversal i.e. reversing the contents of an array 
+ Finding the maximum and minimum numbers in a set of numbers 
+ Inserting and removing specific elements from an array 
«Sorting of numbers i.e. arranging number in ascending or descending order. It can be done using: 
o Bubble-sort method 
o Selection-sort method 
o _ Insertion-sort, Shell-sort, Quick-sort methods etc. [Not in syllabus} 
* Searching of numbers from the array. It can be done using: 
o Linear search method 
o Binary search method 
* Generation of histogram distribution 


Ye wil now discuss some of the above problems and write dow! 


red standard deviation is 2.135 


n the necessary code and explain them. 
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Part 4; Chapter 13 


In this section let us consider the simple problem of 
reversing the contents of an array, i.e. if we 
have an array with n elements then our task will be 
to do the following: 


Assign the value of A[0] to A[n-1], A[1] to 
A{n-2], .. A{n-2] to A[1], and A[n-1] to 
[0]. This involves basically exchanging the values 
stored in these pair of elements. That is, exchange 
A[O] with A[n-1], A[1] with A[n-2], and so on. 


Let us analyse the problem with an 8 element 
integer array as shown to the right. To achieve 
the reversal, we will have to first exchange the 
contents of the positions A[0] and A[7]. Then we 
exchange the values in the positions A[1] and 


[6] and so on. 


This process continues till we reach the middle of 
the array by which time all elements would have 
been exchange. The diagram on the right clarifies 
the point. Hence the number of steps to carry out 
the exchange will be s = 8/2, where 8 signifies 
the number of elements in the array. For odd 
number of elements say n=7, s = 7/2 = 3 (taking 
integer division) i.e, the exchange will take place 


| Step-1 | 


| Step-2 | 


(ss) 


[ step | 


position 


ay¥-Q@ OOOOCOO 


a 


reversed 
portion |L 8 || 4 || 8 


| JL Js 


up to 3 steps. This will not pose any problem as the centre element i.e. the 4" element in that case does not 


require any shuffling. 


/*Program-107: To reverse the contents of an array*/ 


#include<stdio.h> 

#define MAX 8 

int main() 

{int num[MAX], i, j, temp; 
{print£ ("Enter Element-8d: ", i); 

scanf("$d", snum[i]) ; 


) 


i {temp = num[i) ; 
num[i] = num[j]; 
num[(j] = temp; 
14 } 

for (i=0; i<MAK; i++) 
16 
i7 
wy 


Output: 


Enter Element-0: 
Enter Element-1: 


return 0; 


rerhs 


Enter Element-6: 15 
Enter Element-7: 17 
Element-0 of reversed array: 17 
Element-1 of reversed array: 15 


Element-6 of reversed array: 5 
Element-7 of reversed array: 2 


for( i=0, j=(MAX-1); i<(MAX/2); it+, j-- 


printf ("\nElement-%d of reversed array: %d", i, 


num[i]) ; 
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m finds the maximum va 

- oaral i lue from a list of numbers, without sorting th 
tr -107: To find the e atieys 

eprom : h> maximum from a List of nunbe: 

eect Ts in an array*/ 

ji 
“ gaefine : 
: wi8 gain () f a - 
5 Veet? i<MAX; i++) 


‘ ypeint("\ninter Elenent-td: | 3), 
7 acang("8d", Snum[i]) ; 


en = nun[0] ; 
for ( seh) i<MAX; it+ ) 


rT] ( 3£ num[i] > maximum ) 
v maximum = num[i]; 


' ‘ 
7 peinte("\athe maximum value is 4d", maximun) ; 


ee -1: 8 
Be cea Seats 12 
integer array is defined in line-5 to Store 8 values. These values are then entered using the for loop of 
Next the value stored in the position num(o} is Copied to the variable maximum in line-10. The for 
io of line-11 Is then used to compare this value stored in the Variable maximum with the rest of the values 
inthe aray one by one starting with num[1]. The if statement of line-12 does this comparison. After the 
comparison if it is found that the number stored at num|[] for a particular position i, is larger than the value 


gored in maximum then in line-13 the value stored in maximum is replaced by this value, The final maximum 
yaue is printed in line-16. ; 


The next program is used to insert a value at a particular Position within an existing array. 

| /*Program-108: Inserting a value at k-th position*/ ay 

)] #include<stdio.h> 

j fHetine MAX 100 Inserting a value 
ri * into an existing 

4 void main() array 

§ {int arc(MAX], n, i, num, k; 

§ print£("\nEnter total number of elements: 

7 seanf("#d", &n); 

§ for(i=O; icn; i++) 

9 {print£("\nEnter Element-8d: ", i); 

10 scanf("%d", garr[i]); 

it } 

2 print€("\nEnter new value to insert: ") ; 

scant ("ed", gum) ; 

4 print£("\nEnter position at which to insert: "); 

scant ("8d”, &k) ; 
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16 
7 
18 
19 
20 


for (i=(n-1); i>ek; i+ 
arr[itl] = arr[i]; 

arr[k] = num; 

for (iH0; i<(nt1); i++) 


Position 


090000000/ 


‘k' for inserting the new value 


aL) L 


print£("\nAfter insertion $a", arr[i]); 


a} 
Output: 


Enter 
Enter 
Enter 


Enter 
Enter 


total number of element: 
Element-0: 5 
Element-1: 3 


Element-5: 8 
new value to insert: 9 


position at which to insert: 2 
insertion 5 
insertion 3 
insertion 9 


insertion 8 


An integer array to store 100 elements is declared in line-5. In 
line-7 the user enters in the variable n the actual number of 
elements that he wants to store. These n values are entered 
using the for loop of line-8. The new value to insert into this 
existing array is then entered in line-13 within the variable num. 
Next, in line-15 the position at which to insert this new value is 
entered into the variable k. In the above example we have first 
entered 6 values into the array i.e. {5, 3, 1, 7, 2, 8} and a new 
value 9is inserted into the position with index Be 


To insert this new value, first space needs to be created at 

position 2 so that the original value (1, in this example) stored at that 
values are shifted from the end as shown in the diagram above, using tl 
stored at position arr [i] is copied to arr[it1]. This shifting continues 
‘4’ is shifted from position k i.e, 2 to position 3. Note how the value of + 
for loop. Finally the new value stored in num is inset 


position is not lost. To do this, the 
he for loop of line-16. So the value 
till i=k, when in this case the value 
is decreased from (n-1) to k in the 
rted at position k in line-18 outside the for loop. 


The next program is used to delete a value at a particular position within an existing array. 


jsprogram-109: Deleting a value at k-th position*/ 


1 

2 #include<stdio.h> 

3 define max 100 

4 void main() 

5 {ant arr[MAX], n, i, k; 

6  print£("\nEnter total number of elements: "); 
7 -scanf("ad”, &n); 

a for (i=0; i<n; i++) 

9g {print£ ("\nEnter Element-%d: ", i); 

10 scanf("td", garr[i]); 

u ) 

12 printf ("\nEnter position at which to delete value: "); 
13 scant ("8d”, &k); 

14 for( isk; i<n-1; itt ) 

15 {arr[i] = arr[i+1];) 

16 peintg(*\nArray after deletion of element:”) ; 
17 for (i=0; i<(n-1); i++) 

18 printf ("\ntd", arr[i])/ 

19 y 
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G 
er array to store 100 elements is q 
anil the user enters in the variable n th 
ine” ants that are to be stored, These n values are entered using 
ee for 1000 of line-8. The position at which to delete the value is 


in line-13. In the above output example we have entered 
red into the array i.e. {7, 9, 2, 3, 6} and the value at index 7 


leclared in line-5, In 
e actual number of 


te the value at position [1] we will basically overwrite th 
y be position [1] with the value at position [2]. Next we vill 
v rite the value at position [2] with the value at Position [3] 
so on, until the last value in the array at position (n-1] is 
redo the second last position in the array i.e, (n-2]. 


in our example, we have to delete the value at position k=[1]. 
ence the loop starts with i=k and the value at Position [i+1] is 

jed to the position [i], i.e, the value at position [2] is Copied to 
postion [1] (refer to diagram on the right). The Process continues 
til i=n-2, when the last value at position [n-1] is copied to 

ition (n-2]. In our example the value at position [4] is copied to 
postion [3]. Note that the last value (6 in this case) though 
gifted to the second last position, still remains in the last Position 
as shown in the diagram. Hence the array is accessed in line-17 
upto position [n-2] (i.e. i<n-1) 


The next program is used to sort a list of numbers in ascending order using Selection Sort method. 


1 /*Program-110: Selection Sort Method*/ 

2 #include<stdio.h> 

3 define MAX 100 

4 void main() 

5 {int arr[MAX], i, j, n, temp; 

6  print€("\nEnter total number of elements: "); 
7 scant ("$d”, én); 

8 

2 


for(i=0; i<n; i++) 
{print£("\nEnter Element-%d: ", i); 


} 
12 tor(iz=o; i<n-1; i++) 


3B for(j=it1; j<n; j++) 

if {4(arr[i]>arr[41) 
ms {temp = arr [i]; 
i arr[i] = arr[j]; 
7 arr(j] = temp; 
8B ) 

9 
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i scanf("$d", Garr[i]); No exch. + | [s] 
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20 for(i=0; i<n; i++) 

2 print£("\nSorted array[%d] = $d", i, arr[i]); 
22} 

Output: 


Enter total number of elements: 5 
Enter Element-0: 


(Round-2 | 


Exchange 


No exch. 


Enter Element~4: 
Sorted array[0] = 
Sorted array[1] = 
Sorted array(2] = 


Il@leuloy 


Exchange 


Sorted 

portion 
The technique of selection sort Is explained with the help of the (Round-3 | 
above example and the diagram on the right. The array is used 
to store 5 values (n=5). A list of values Is entered using the 


for loop of line-8. Let the list of values be {6,3,1,8,2} which is ( No exch. 
to be sorted in ascending order. 


Sorted array([3] 
Sorted array[4] 


eawne 


Exchange 


Round-1:a) arr [0] i.e. 6 is compared with arr [1] i.e. 3. 

Since 6>3 (niao*), the values are exchanged 

b) arr[0] i.e, 3 is compared with arr [2] i.e. 1. 
Since 3>1 (niao), the values are exchanged 

C) arr[0] i.e. 1 is compared with arr[3] i.e. 8. 
Since 1<8 (iao*), no exchange takes place 

d) arr[0] ie. 1 is compared with arr [4] i.e. 2. 
Since 1<2 (iao), no exchange takes place 
The values in the list are now: 1, 6, 3, 8, 2 


Thus at the end of round1, the smallest value in the list i.e. 1 is 
occupying position [0] in the list, ie. it has been put in the 
correct sorted order. To sort the remaining part the array the 
same process is again repeated with the rest of the array i.e. 
from element index [1] to [4] (see diagram on the right). 


Round-2:a) arr[1) i.e. 6 is compared with arr[2] i.e. 3. 
Since 6>3 (niao), the values are exchanged 
b) arr[1] i.e. 3 is compared with arr [3] i.e, 8. Since 3<8 (iao), no exchange takes place 
Cc) arr[1] i.e. 3 is compared with arr [4] i.e. 2. Since 3>2 (niao), the values are exchanged 


The values in the list are now: 1, 2, 6, 8, 3 


At the end of round2, the second smallest value in the list i.e, 2 is occupying position [1] in the list i.e. it has 
been put in its correct sorted order. The same process is again repeated now starting from element index [2] 
to [4] (see diagram). 
Round-3:a) arr [2] i.e, 6 is compared with arr[3] i.e. 8. Since 6<8 (iao), no exchange takes place 

b) arr [2] i.e. 6 is compared with arr [4] i.e. 3. Since 6>3 (niao), the values are exchanged 


The values in the list are now: 1, 2, 3, 8, 6 


At the end of round3, the third smallest value in the list i.e. 3 is occupying position [2] in the list i.e. it has 

been put in its correct sorted order. The same process is again repeated now starting from element index [3] 

to [4] (see diagram). 

Round-4;a) arr[3] |e. 8 is compared with arr[4) |.e. 6. Since 8>6 (niao), the values are exchanged 
The values in the list are now: 1, 2, 3, 6, 8 


We find that at the end of round4, all the elements have been put in their correct sorted order and hence the 
array gets finally sorted in ascending order. 
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ith all values after it, by changing the value of 3. 


e sorted array is printed using the for loop of line-20, 


Tequire a maximum of (n-1) rounds to sort the 
f (n=1) rounds. 


Sed for comparing the rest of the elements of the array 
‘ave seen that in ro 


non vith the values starting from acetal a 'N round-2, the value stored in position arz [1] 


falues are not in ascending order, then 
er. In this way, a particular arr[i] is taken and 


ert program is used to sort a list of numbers using another Sorting method called Bubble Sort. 


ocogeaa-ti: Bubble Sort Method*/ 


: finoludesstdio.b> 
; goofing MAX 100 
yoda 
fine arDK], Sy 3) My temps 
print€("\nEnter total number of elements: "); 
scanf("8d”, 6m) 7 
jp for (ied: ine i+#) 
4 {printé ("\nEnter Element-td: ", a)e 
scant ("$d", Garx[i]) ; 


> 
yy for(ie0; isn-1; i++) 


B for(j=0; j<(n-i-1) ; j++) 


77] {if (arr [j]>arr[j+1]) 

5 (temp = are[3]; 

6 arr[j] = arr[5+1]; 
y arr[j+1] = temp; 


r ) 
9 ) 
M for(i=0; i<n; i++) 


(Exchange yj 


Sorted 
portion 


(Exchange 7 f 
i |_| 1 6 8 2 
(No exch. {J 


a 
Le] G) fe] 
3] [4] [e] [2 


4 print€("\nSorted array[%d] = %d", i, arr[i]); (Exchange) 


2) 


Output: 
Enter total number of elements: 5 
Enter Element-0: 6 


(No exch. ) 
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The technique of bubble sort is explained with the help of the 
above example and the diagram on the right. The array is used 
to store 5 values (n=5), A list of values are entered using the 
for loop of line 7. Let the list of values be {6, 3, 1, 8, 2} which 
are sorted in ascending order. Unlike selection sort, in this ( No exch. 
technique always two consecutive elements are compared. 


Round-1:a) arr (0) i.e. 6 is compared with arr(1] i.e. 3. Exchange 
Since 6>3 (niao*), the values are exchanged 
b) arr[1)} i.e. 6 is compared with arr [2] ie. 1. 
Since 6>1 (niao), the values are exchanged 
C) arr[2] i.e. 6 is compared with arr[3] i.e. 8. 
Since 6<8 (iao*), no exchange takes place 
d) arr[3] i.e. 8 is compared with arr[4] i.e. 2. 
Since 8>2 (niao*), the values are exchanged 


The values in the list are now: 3, 1, 6, 2, 8 


‘Thus at the end of round1, the largest value in the list i.e. 8 is 
occupying position [4] in the list, ie. it has been put in the 
correct sorted order. The same process is again repeated, but 
this time with the rest of the array i.e. starting from element 
index [0] up to [3] (see diagram above). 

Note that the largest element in bubble sort occupies the last position after a particular round of comparisons, 
Hence for the next round of comparisons, we are not considering the already sorted last element. 


Round-2:a) arr[0] i.e. 3 is compared with arr[1] i.e, 1. Since 3>1 (niao*), the values are exchanged 
b) arr[1] i.e. 3 is compared with arr[2] i.e.6. Since 3<6 (iao*), no exchange takes place 
©) arr [2] i.e. 6 is compared with arr[3] i.e.2. Since 6>2 (niao®), the values are exchanged 

The values in the list are now: 1, 3, 2, 6, 8 

At the end of round2, the second largest value in the list i.e. 6 is occupying position [3] in the list i.e. it has 

been put in its correct sorted order. The same process is again repeated, now starting from index [0] and 

comparing up to index [2] (see diagram). 

Round-3:a) arr[0] i.e. 1 is compared with arr[1] i.e. 3. Since 1<3 (iao*), no exchange takes place 
b) arr[1] ie. 3 is compared with arr[2] i.e. 2. Since 3>2 (niao), the values are exchanged 

The values in the list are now: 1, 2, 3,6, 8 

At the end of round3, the third largest value in the list i.e. 3 is occupying position [2] in the list i.e. it has 

been put in its correct sorted order. The same process is repeated for the final time now, starting from 

element index 0 to 1 (see diagram). 

Round-4:a) arr [0] ie. 1 is compared with arr[1] ie. 2. Since 1<2 (jao*), no exchange takes place 

The values in the final list are now: 1, 2, 3, 6, 8 

We find that at the end of round4, all the elements have been put in their correct sorted order and hence the 

array gets finally sorted. Note that in selection sort with each round the array gets sorted from the 

beginning, while in bubble sort with each round the array gets sorted from the end, Moreover in selection sort 

a particular value is taken and then compared with the rest of the values following it. While in bubble sort two 


consecutive values in the list are compared. We find that for an array with 5 elements a maximum of 4 rounds 
were needed to sort the array i.e. a maximum of (n-1) rounds to sort an array with n elements. 


In program-111, in line-7, the user enters the number of elements in the array within the variable n. In this 
example n=5. The outer for loop starting from line-12 counts the number of rounds required to sort the 
array, We have seen that for n elements we require a maximum of (n-1) rounds to sort the array, Hence this 
Joop runs from i=0 to i<(n-1) /.e. a total of (n-1) rounds, 


The inner for loop, used for comparing elements of the array, starts from line-13, We have seen in round-1 
arr(0} is compared with arr[1], arr[1] ls compared with arr[2] and so on, till arr[3] is compared 
with arr[4]. In doing so, at the end of round-1 the largest value occupies the last position ie are [4]. 
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. rogram Is an alternative version of the Selection Sort method, | 
nen progeseri2! Alternative Selection sort Methodt/ i 

! 
! gece a 4 
2 ggfine wax 100 Alternative 
1 gail) Selection Sort 
U be acr(MAX], 4, 3, 0, temp, pos, min; Method 
yf ranté("\nentex total number of elements: "), 
6 mane ("2") én); 


Tgp (ied: deni i++) | | 
1 {printé ("\nEnter Element-%d: ", i); 


i peané("4d", Garr (i]) ; 
f 

Do a seeots a) 

yy for (sed; 4<ne3i 

yy tain = are (i 

4 pos = i; 

5 for(jitl; j<ni j++) 
Fj (4£( are[}] < min ) 
y (nin = reli]; 
] pos = 3; 

8 ) 

” ) 


a) temp = are[i); 

2 are{i] = are[pos]; 
2B arr(pos] = temp; i 
4 oy ig 
& 

& 


for(i=0; isn; i++) { 
print£("\nSorted array[td] = $d", i, arr[i]); ' | 2 


Output: 
Enter total number of elements: 8 
Enter Element-0: 
Inter Element-1: 
Inter Element-2: 
Enter Element-3: 
Enter Element-4: 
Inter Element-5: 
Inter Element-6: 
Inter Element-7: 


Sorted array[0] = 1 
Sorted array[1] = 1 

| Sorted array[2] = 3 
| Sorted array[3] = 4 
Sorted array(4] = 4 
=7 

=8 

=9 


orunerHe 


forted array(5] 
rted array [6] 
__ fetted array [7] 
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In this method you start with the whole array and find the minimum value from the array. Then you exchange 
the minimum value with the value at the first position. So the first position now has the smallest value, 


You next take the remaining part of the array i.e. from the second element to the last element and find the 
minimum value from this set. Finally exchange the second minimum value with the second element in the 
array. The second element therefore contains the second largest element now. 


In this way you take each remaining section of the array and find the minimum in that section and exchange 
it with the first element of that set. When the process is over you finally have the array sorted, 


The for loop in line-12 counts the number of sets. For an n element array there will be (n-1) sets (the first 
set has n elements, the second set has n-1 elements, and in this way the last set will have 2 elements. There 
is no point in having a single element array for comparison). Hence the loop goes from i=0 to i=(n~2). 

In line-13 the value at arr [i] i.e. arr [0] for the first set is stored in the variable min. The position 4 for 
the first value of the set is also stored in the variable pos in line-14. 

The for loop of line-15 is used to compare the first value of the set at position i with the remaining values in 
the set. Hence for the set i, the loop starts from j=i+1 and goes up to j=n-1. 

Within the inner for loop, the if statement of line-16 checks if the value stored in position 3 is less than the 
value stored in min. If so, the new value replaces the value in min. The position 3 of the new min value is 
also stored in the variable pos in line-18. 

The code in line-21 to 23 is then used to exchange the first value of the current set with the min value of that 
set as indicated by the position variable pos. 


The for loop of line-25 is then used to print the sorted array. 


The next program uses a function to delete multiple occurrences of a given value from the array. 


1  /*Program-113: Deleting multiple values from an array*/ 
2 #include<stdio.h> 

3 #define MAX 100 

¢ void del(int arr[], int k, int n) 

~ 3 { int i; 

6 for( i=k; ixn-1; i++ ) 

i” arr[i] = arr[i+1]; 

8 } 

9 void main() 

iO {int arr[MAX], i, n, val; 

i printf("\nEnter total number of elements: "); scanf("%td", &n); 
2 for(i=0; i<n; i++) 

13 {print£("\nEnter Element-%d: ", 4); 

14 scanf("$d", garr[i]); 

15 } 

16 printf ("\nEnter value to delete: "); scanf("td", &val); 
I7 im0; 

18 while(1) 

19 { if(arr[i] == val) 

20 {del(arr, i, n); 

a n--; 

2 ) 

23 else 

245 Att; 

25 4f(i==n) break; 

26 y 


27 printf£("\nThe final array is: "); 
28° foxr(i=0; i<n; i++) 


29 printf("\ntd", arr[i]); 
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3 function defined in line-4 deletes a value at Position k from the array arr containing n elements. 


we e vat array element shifts to the position 


of th 
pein ry index 4 15 not changed before check deleted value, As this value can also be equal to 


ae ing it in the next iteration. Only wh Jue is not 
e Taek el ‘ ion. Only when a value 
ae the ary Index aeeliieel line-24. As with each deletion the size n of the array gets reduced 
. ihe 2€ condition of liné-é> checks if the new array index i exceeds the array size and breaks out. 


is used for doing a linear search. Sa i A 
program Is Use 19 2 linear search. Searching is a technique that Is used to find a 
cult value from a list. We will be discussing two methods, namely liner search and binary search. 


i an-114; Searching for a value in an array using Linear Search Mathod*/ yy 
pinclnde<staio b> 
ange a Linear Search 
wi tte Method 
got arc[MAK], 4, m, num, flag=0; 
printf ("\sGnter total munber of elements in the array: 
for (ie; icay i++) 
{printé("\nEnter Element-td: ", i); | 
scanf("#d", €arr[i]); 


"); scant ("d”, 6); 


} 
printé("\nEnter the number to search from the array: "); scanf(“$d”, 6num) ; 
for(is0; in; i++) 
{i€(arx[i] = num) | 
{printf ("\nValue present in position %d”, i); 
flag = 1; break; 
} 
) | 
ie (flag = 0) | 
printf("\nValue not present in list”); 


REREEREEE REESE UNSEEN E 


) 
Output: 


Enter total number of elements in the array: 5 | 
inter Element-0 

Enter Element- 
Enter Element-2 
Enter Element-3 
Enter Blement-4: 6 
Enter the number to search from the array: 9 

Value present in position 3 | 


VHOINIDS 


In program-114, we have declared an array called arr[] to store 100 integer values. In the example output | 
stow, in line-6 we have input 5 in the variable n for storing 5 array elements. The values are entered using 
tte for loop of line-7. In line-11 the value to search from the array Is entered within the variable num, The 
for loop of line-12 is then used to compare the values stored in the array with the value in num, The if 
Satement of line-13 is used to do the comparison. In case a match [s found only then the value of the | 
\erigble £1ag is changed to ‘1’ and the contro! breaks out of the for loop. In case no match Is found, the 
variable £1ag is not changed and remains at its initial value of ‘0’. In line-18, it Is checked if £1ag Is equal to | 
‘V.IfSo then it prints that the value is not present In the list, 
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The next program is used to search for a value froma idle Value not found at Mt 
list using the binary search method. This method is _otement of 7 ae) 
similar to finding a particular page of a book using its  thesrray 

page number. But the values must be present in 1,1 more than the value 
either ascending or descending order in the list. 


Area to sear, 


IfM1 less than the value 


“1 Lid 


' 

' 

' 
In this method, to find a value, first the value is ke th | Take the 
searched at the middle of the array. If the value is Tahal 1 righthalf 
found at that position then it is displayed. Else two ' 
different conditions can arise. If the value at the middle |fM2more... WMZless... | 
of the array (M1) is more than the value to search, [[ujm2 ' M2 ' 
then take the half of the array to the left of the middle 
Portion. If the value at the middle of the array 3 
(M1) is less than the value to search, then take the half of the array to the right of the middle portion 
Next again search the value at the middle of this newly selected portion. This process of dividing an array 
into two halves and searching for the value at the middle portion of the selected half is continued till the 
number is finally found. The following program is used to do a binary search on a list of integer numbers, 
Three different cases can arise as indicated in the following examples. 


1fM3 more“, IfM3 less. 


(0 M3 


Repeat the process of dividing the array till value is founc 


1 /*Program-115: Search using Binary Search Method*/ 
#include<stdio.h> 
#define MAX 100 
void main() 
{int arr[MAX], i, n, low, high, num, mid, flag=0; 


scanf("td”, én); 
for(i=0; isn; itt) 
{printf ("\nEnter Element-td: ", i); 
10 scanf("td", Garr[i]); 
it ? 
12 print£("\nEnter the number to search: 
13 scan€("$d”, &num); 
14 low = 0; 
45 high=n-4;- | 


3 

4 

5 

6 — print£("\nEnter total number of elements: "); 
| 7 

8 

9 


| 16 — while (low<=high) 


7 { mid = (Lowthigh) /2; 


| 18 if( arr[mid]==num ) 


19 {printf ("\nPresent in position-%d”, mid) ; 


| 2 if( arr[mid]>num ) 


a4 high = mid-1; 
25 else 


| 26 low = mid+1; 


7 J 

28 if (flag = 0) 

29 printf("\nValue not present in list"); 

30} 

Output: 
Enter total number of elements: 6 
Enter Element-0; 
Enter Element~1: 
Enter Element-2; 
Enter Element-3; 
Enter Element-4: 
Enter Element-5: 
Enter the number to search: 7 
Present in position-4 


RoI late te iy 
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i Current portion of the array being searched. 
IMe search, therefore 4 ‘ 
In lines-14 and 15, low=0 and high=n-1 (the index of 


1 
i 
we Joop of line-16 is used to search the 


mente ty 


we” num [5 not present in the list, then at one Point of {Step-t) 


in Fequired, 
wv dition becomes false under such a case, and the while (CD) 


# sterinate 
; in line-17 the ind idle (Btep2) [2 | 

the while loop, in ‘ lex of the middle (Btop-2 
jae is calculated by the expression (1ow+high) /2 and - 
ws he val rable mid, Value found | 
sg statement of line-18 then checks if the value at the 
ton nid Le. azx[mid] is equal to num or not. If equal, ow 
pos the search is over and the position of the number is Valueto \ 


high 


wyel The variable flag is assigned the value ‘1’ and the find=2 
nam breaks out of the while loop, Stop 


ifarr (nid) is not equal to num, then two cases can arise, 


|, Ifare{mid] >num, then there is no point in searching for 

"the number after the position mid. Therefore the portion of 
the array to the left of mid is considered for the next 
search. Accordingly high is made equal to mid-1 (the 
index immediately to the left of mid), 


) Iarr[mid]<num, then there is no point in searching for Value found} ) 
the number before the position mid, Therefore the portion = i 
of the array to the right of mid is considered for the next (tow ) i 
search. Accordingly Low is made equal to mid+1 (the index Valueto \w | 


immediately to the right of mid), find =8 


with the new values of Low or high, the middle index mid for [Step- 
the new search portion is again calculated in line-17 and the 
process repeated till the value is found, 


In case the value is not present in the list, then the variable 
flag remains at ‘0’, This is checked in line-28 and the 
Message printed accordingly. 
Asan example let the list of 6 values be {2, 3, 5, 6, 7, 9}. To 
Sat with, Llow=0, and high= (6-1) =5. 
Case-I: Let value to search be num=7 (see diagram) 
Now low=0,high=5, ©. mid=(0+5)/2 = 2 (Sep) [olla llselle 
Hence arr [mid] = arr[2] = 5; : 
Now 5 <7, therefore low = mid+1 = 2+1 = 3 


Next low=3, high=5, .. mid=(3+5)/2 = 4 Value not 
Hence arr [mid] = arr[4] = 7; _ 
si 
Now num=7, therefore value found at position-4 (Stee4) | 2 || 3 | 
— aa 
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Case-II: Let value to search be num=2 (see diagram) 
Now low=0, high=5, .. mid=(0+5)/2 = 2 
Hence arr[mid] = arr[2] = 5; 
Now 5 > 2, therefore high = mid-1 = 2-1 


Next low=0, high=1, -. mid=(0+1)/2 = 0 

Hence arr[mid] = arr[0] = 2; 

Now num=2, therefore value found at position-O 
Case-III: Let value to search be num=8 (see diagram) 

Now low=0, high=5,  *. mid=(0+5)/2 = 2 

Hence arr [mid] = arr[2] = 5; 

Now 5 < 8, therefore low = mid+1 = 2+1 = 3 

Next low=3, high=5, °, mid=(3+5)/2 = 4 

Hence arr [mid] = arr[4] = 7) 

Now 7 < 8, therefore low = midtl = 4+1 = 5 

Next low=5, high=5, . mid=(5+5)/2 = 5 

Hence arr[mid] = arr[5] = 9; 

Now 9 > 8, therefore high = mid-1 = 5-1 = 4 
For the next round, we have the condition low=5 and high=4, therefo 
control comes out of the loop indicating the value ‘8’ is not present within the loop. 


The following program is used to find the transpose of a given matrix. The transpose is obtained by 


changing the rows of the matrix as the columns of the matrix. 
1 /*Program-116: To find the transpose of a square matrix*/ 


2 #include<stdio.h> 

3  fdefine MAX 10 

4 void main() 

5 {int mat [MAX] [MAX], i, j, temp; 

6 print£("\nEnter total number of rows or columns in the matrix: "); 
|7 scanf(“td”, &n); 

8 for(i=0; i<n; i++) 

9 for(j=0; j<n; j++) 

10 {print£("\nEnter element-[%d][*d]: ", i, j)/ 

i scanf("%d", émat[i][j]); 

574 ) 


43 print£(*\nThe original matrix is:\n”); 
14 for(i=0; i<n; i++) 


15 {for (320; j<n; 5++) 
16 printé("#d\t", mat{i] [3]); 
7 printé("\n”) ; 

1B. 


| 19 for(i=0; i<n; i++) 


20 for(j=0; j<n; j++) 


at {aif (i<j) 

22 {temp = mat{i] [4]; 

2 mat [i] [j] = mat{3] [4]; 
a4 mat [3] [4] = temp; 

2 ) 

26 } 


27 print£("\nThe required transpose of the matrix is:\n”); 
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er 
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spo required transpose of the matrix is: 

ee 

y eae 
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Senay 
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7 Vora) [8 
4 ray | can rai] 
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rretranspose of a matrix can be obtained by exchanging the values in the matrix for unequal indices i.e. 
where the index 4 is not equal to the index 5. This is evident from the diagram shown on the right. The 
frstmatrix gives the original matrix and the second matrix gives the transposed matrix. 


the second element of the first row of the original matrix is 5 and its index is (0,1). In the transposed 
nat, the index of the value 5 Is [1,0]. Similarly the index of the value 3 In the original matrix is [2,0], 
while that in the transposed matrix is [0,1]. Thus it is seen that there is an exchange in the position of the 
vues 5 and 3, Similarly, the other pairs of values i.e, 75,2 & 620 and 91,2 & 42,1 have changed their places. 
This change in place can be done by changing the index of these values, Thus the value 5o,1 is exchanged 
wih the value 31,0 to get the corresponding values in the transposed matrix. 


‘ote that for the diagonal elements, there is no need to change the values, as the diagonal remains same in 
both the original and the transposed matrix. 


Noreover the exchange should take place only once. Thus 5 is exchanged with 3 only once i.e, the element at 
{0} {1] is exchanged with [1] [0], but element [1] [0] is not again exchanged with [0] [1]. If so, the 
values would be exchanged once more and we would get back the original matrix. 


Inlne-5 of the program we have declared a square matrix mat [] [) with 10 rows and 10 columns. In line-7, | 
ve have entered the actual number of rows and columns within the variable n, The for loops of line-8 and 9 
are used to enter the values into the matrix. The outer loop with index i is used to traverse a row, while the 
inner loop with index 3 is used to traverse the elements in a particular row indicated by i. Thus line-11 enters 
value into the variable mat [4] [4]. 


The for loops of lines-14 and 15 are used to print the input matrix. The for loops of lines-19 and 20 are | 
\wed to create the transpose matrix. In line-21 it is checked if 1 and 3 are unequal i.e. if i<j. This ensures | 
that we are dealing with only one exchange between [4] [3] and [3] 41. Lines-22 to 24 do the exchange | 

mat[i] [5] and mat [4] [i]. Note that for all elements above the diagonal, the index i<3. | 


| 
Finally the gor loops of lines-28 and 29 are used to print the final transposed matrix. Note how the matrix is | 
Setting displayed, The tab character \t ensures that the numbers in a row are printed at equal gaps. The 
"eivline character \n in line-31 is used to go to the next line for a new row. 
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The next program is used to add two matrices. 


1 /*Program-117: Addition of two matrices*/ 
2 #include<stdio.h> f 


3 void main() 


oxo | “rox | ron | 


# {amt Af2] 13], BI2](3}, sum[2] [3], 4, 5; [enna | nn | ‘ra | 
5 for (i=0; i<2; i++) +O 
6 for (j 4<3; j++) + 
z {print£("\nEnter value A[%d][#d]: ”, 4, 3); [ | 
8 scanf("$d", GAL] (3]): is ‘oxo | Foun | tov | 
9 print£("\nEnter value B[td][#d]: ”, i, 3); TE 
10 scanf("%d", &B[i][j]) B — 4 T RES 
ju Sum[i [5] = ALG] + BIS) TS1; [Fro || tate || “cay 
12 } = 7 
13 printé("\nThe required sum matrix is:\n"); | = 
i¢ for(is0; i<2; i++) (rs en — 
15 (for (J=0; <3; 544) = {rou || Sex [ona | 
- (printf (“#d\t”, Sum[i] [5]);} Sum| 
| printé("\n") ; ae Hi aot 
a , Sen [nen | Sina 
go) 
Output 


Enter value A(0} [0]: 
Enter value B[0] [0]: 
Enter value A[0][1]: 
Enter value B[0] [1]: 
Enter value A[0] [2]: 
Enter value B[0] [2]: 
Enter value A[1][0): 
Enter value B[1][0]: 
Enter value A[1}[1]: 
Enter value B[1] [1]: 
Enter value A[1] [2]: 
Enter value B[1] [2]: 


[IK 19 IN IN TH Tey IN fe 191 


The required sum matrix is: 
3 6 7 

| 9 1 5 

| The above program is a simple one that is used to add two different matrices to get a sum matrix. Three 
| rectangular matrices A[][], B[][], and Sum[][] are declared in line-4. Each has 2 rows and 3 columns. 
The for loops of lines-5 and 6 are used to enter the values into the matrices A[] [] and B[][]. The 4 loop 
controls the rows, while the 3 loop controls the columns. Line-8 enters the element A[i] [3], while line-10 
enters the value B[i] [3] for every i and 3. 


Line-11 is then used to add the values A[i][j] and B[i][j] and assigns the result to the element 
Sum[i] [3]. Note that for addition of two matrices, all the three matrices involved should be identical in size. 
The for loops of line-14 and 15 are used to print the sum[] [] matrix. 


The next program is used to check if a particular row of a matrix has all the elements as zeroes. 


1 /*Program-118: To check if a matrix has a row with all 0’s*/ 
2 #include<stdio.h> 

3 fdefine MAX 3 

4° void main() 

5  { dnt mat [Max] [MAX], 4, 4, count; 
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gor (J! 
iat \nBnter value mat {sa} (4a) ; : 
scanf("¥d", Gmat [4] [5]); =e 
‘ ' 
if anve(*\nThe input matrix is:\n”), 
pe 


be ganenta 

g (for (J=0/ OMAK; j++) 

8 printé("#d\t", mat[i}[5]); 

7 printé("\n”) ; 

§ ) 

6 gop (ie0; SOK; 144) 

y { count=0; 

6 for (j=0; 3<MAX; 54+) 

g {if (mat [i] [3] = 0); 

nv count++; 

u ) 

2 if (count==MAX) 

a printf ("\nRow 4d has all zeroes”, i); 
dl ; 
ape a 

go} 

output 


(ipater Value mat [0] [0]: 
fast veave mat (01101; 
pnter value mat[0] (21: 
Viet yalue nat [2] [0]: 
Vpnter value mat(2] [1]: 
[sneer value mat (1) [2]: 
‘pnter value mat(2] [0]: 
“inter yalue mat[2) [1]: 


‘eater yalue mat[2] [2]: 
|e fees matrix is: 
Bae 


1a 18 Im Io Jo 19 IN Ia IS 


Row 1 has all zeroes 


line-5 declares a square matrix mat[] [] with 3 rows and 3 columns. The for loops of line-6 and 7 are then 
wed to enter the values into the matrix. The scanf() of line-9 then enters the values. The for loops of 
lines-12 and 13 are used to print the input matrix. 


The €or loops of line-17 and 19 are then used to check for a row with all zeroes, In line-18, after the outer 
for loop, the variable count is initialised to 0. This variable is used to count the number of zeroes in a given | 
‘Ow. In this example, a row contains 3 elements or columns. Hence if all the elements in a row are ‘0’, then 
count will be equal to 3 for that row. 


The inner 4 loop is used to scan the columns for a particular row. The ig statement of line-20 is used to 
pekifmat 4] [3] is equal to ‘0’. If so, then the variable count is incremented by 1. The if statement of 
{ne-23 then checks if count is equal to 3 or not. If so, then line-24 prints which row has all zeroes. The 
Variable count is again initialised to ‘0 in line-18 for checking the next row. 
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The next program is used to check if a particular matrix is an Identity Matrix or not. 


te 1 /*Program-119; To check if a matrix is an Identity Matrix*/ 
Cheekinateraa 2 Winclude<stdio.h> 
Identity Matrix | 7 #éefine Max 3 
4 int main() 
5 ( Ant mat [MAX] [MAX], i, j, £lag=0; 
6 for(i=0; i<MAX; i++) 
7? for (§=0; J<MAX; ++) 
8 {printf ("\nEnter value mat(%d][#d]: ", 4, 3) 
9 scanf("td”, gmat [i] [3]); 
10 ) 
a printf("\nThe input matrix is:\n”); 
12 for(i=0; i<MAX; i++) 
B (or (j=0; j<MAX; ++) 
14 {printé ("td\t", mat (i] (51) :} 
15 printé("\n") ; 
16 ) 
17 for(i=0; i<MAX; i++) 
18 {for(j=0; j<MAX; j++) 
19 { 4£( (i!=5) 6 (mat(i][3]}!=0) ) 
20 {flag=1; 
a break; 
22 } 
23 i€( (i==j) 66 (mat[i}(j]!=1) ) 
4 {flag=1; 
25 break; 
| 26 } 
| 27 + 
| 28 if (£lag==1) break; 
29 ) 
| 30 if (£lag==0) 
| 32 printf ("\nMatrix is an Identity Matrix”); 
| 32 else 
| 33 printf ("\nMatrix is not an Identity Matrix”) ; 
4 return 0; 
Ey } 
Output 


Enter value mat[0] [0]: 
Enter value mat[0] [1]: 
Enter value mat(0] [2]: 
Enter value mat[1] [0]: 
Enter value mat(1](1]: 
Enter value mat[1] [2]: 
Enter value mat(2] [0]: 
Enter value mat [2] [1]: 
Enter value mat[2] [2]: 


Is 19 19 Io IH 19 19 Io IH 


‘The input matrix is: 


ape o/D 0 
0 1 0 
{ie Saal ot § 


Matrix is an Identity Matrix 
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res a square matrix mat [] F 
ye te later to check if the mati lal Wand 3 columns. The variable £1ag declared in ine-4 
ite we the values into the matrix, The aed Matrix or not, The for loops of line-6 and 7 are then 
: . ; 
ie spand 13 are used to print the input matriy, () Of line-9 then enters the values, The fox loops of 


a non-diagonal i 
a Se Be a ii tenet qual to ‘0’, the condition of the if statement of 


ne s true. As there is no fi 
49 become: urther need t sa 
jne vou to't' and the program breaks out of the iiemseee remaining matrix, the variable £1ag is 


atrix to be an Identity Matrix the second iti 
re tot’ For a diagonal element i==5 ig ede pee 


, satisfy is, all diagonal elements should be 
mat! is tested by the if statement of 


line-23 usi ¢ dition whether an element is diagonal but not 

iagrentis ab Using logical AND operation to connect the conditions. | 

i ler Is Wy ‘ 

ciel The control ted tar raul 'S No Need to check any further and the variable fag is” 

c second inner for loop using a break statement in line-25. 
stateme ine- 

nase te a : still plete es and 25 are run, the program comes out of the inner for loop of 

ine 18, Howe 4 Wee condi ide the outer for loop. To come out of the outer for loop when flag | 

wees equal to 2, the 4 condition is checked and the break statement of line-28 is executed, 

for an Identity Matrix, the conditions in lines-19 and 2: 

varatle £299 Hy dies ie Hence the if statement of line-30 will print the matrix to be an identity 
oan ae he vat ts not an identity matrix, then ether ofthe 4 statements of lines-19 | 

or B will be true, and the variable £1ag will be changed to 1. The if condition of line-30 will check 

curdingly and the program will print that the matrix is not an identity matrix, 


'3 will never be true, Accordingly the value of the | 


‘henext program is used to check if a particular matrix is an Upper Diagonal Matrix or not. 


} /#Program-120: To check if a matrix is an upper diagonal matrixt/ ay 

2 Hinclude<stdio.h> 

2 void main() Check for Upper 
3 { int mat(3](3], i, 3, flag=0; Diagonal Matrix 
4 for(i=0; i<3; i++) 

5 for (j=0; 3<3; j++) 

6 {printf (“\nEnter value mat[%d][%d]: ”, i, 3); 

7 seanf("¢d”, gmat [i] [3]) ; 

8 Mi 

9 print€("\nThe input matrix is:\n”); 


0 for(i=0; i<3; i++) 


i {for (j=0; 5<3; j++) 

2 printé("td\t”, mati] [j]) 

g printé("\n”) ; 

i ) 

6 

Ig 

5 {if ( (453) 66 (mat [i] [J]!=0) ) 

# {flag=1; 

B break; | 
ca } 

at ) 

2 — i€(f1ag—=0) 

: print£("\nMatrix is an Upper Diagonal Matrix”) ; 
a else 


printé(*\nMatrix is not an Upper Diagonal Matrix”) ; 
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Output 
Enter value mat(0}[0}: 1 7 ) [2 
Enter value mat{0} [1]: 7 {rox | (ont2] | 
Enter value mat(2](11: 0 om 
Enter value mat[2](2]: 5 (Oyo) | Fee | Sua | 
The input matrix is: \ — 
1 sf 2 == 7 
0 3 9 [Pax] Pun} Sarr 
oo 5 ie ais 


Matrix is an Upper Diagonal Matrix 


The program is similar to the previous one. The difference lies in the for loops of lines-16 and 17. An upper 
diagonal matrix implies that the matrix has values in its diagonal and above the diagonal. All elements below 
the diagonal are ‘0’. To test for elements below the diagonal, note that such elements have an index such 
that 4>3. This is checked by the if statement of line-18. If the condition is satisfied, Le. if the element is 
below-diagonal and it is not equal to 0, it makes the variable flag as 1 and breaks out of the loop in line-19. 


The next program is used to multiply two matrices. 
te 1 /*Program-121: Matrix Multiplication*/ 


2 #include<stdio.h> 
amfor Matrix | 3 aseine MAK 3 
Multiplication 
4° void main() 
5 { int A[MAX) [MAX], B[MAX] [MAX], P[MAX] [MAX]={0}, 4, 3, i 
6 for(i=0; i<MAX; i++) 
e for(j=0; j<MAX; j++) 
8 {print£("\nEnter value A[td][#d]: “, i, 5) 
9 scanf(“td”, GA[i][j]); 
10 printé("\nEnter value B[td] [td]: ", i, 5)7 
1 scanf("td”, &B[i][3]); 
dz } 
13 print£("\nThe input matrix A:\n") ; 
14 for(i=0; icHAX; i++) 
15 {for(j=0; j<MAK; j++) 
16 printé("sd\t”, ALi] (51); 
7 printé(*\n"); 
18 } 
19 printé("\nThe input matrix B:\n"); 
20 for (i=0; i<MAX; i++) 
a {for (j=0; j<MAX; j++) 
2 printf (“sd\t”, Bli][3])7 
B printé("\n"); 
4 } 
a for(i=0; icMAX; itt) 
26 for (j=0; j<MAX; j++) 
7 for (k=0; k<MAX; k++) 
2B Pi) 5] = PLA} [4] + ALS] (e] * BLk] [3]; 
29 printé("\nThe product matrix is:\n”); 
30 for(i=0; icMAK; i++) 
i {for (j=0; j<MAX; j++) 
2 printf ("sd\t", P[i][J])/ 
3B printé("\n") ; 
Hw ) 
5 } 


1-13-34 408 


Nee 


agcomputer Science 


ai Arrays in C 
fi 


A 


; of Matrix 


Proce: 


: [®t Multiplication 
ow “aque A[2][2]}: 5 [iy] 
sot®® Viyue BIZ} (21: 7 [Fn 
soter put matrix A 
, 0 [Arno] Pow) 
Ox0 + 3x4 + 6x! (Fann) 
— 


5 
* jot matrix B: ih 


6 ¥ 
1 2 Pl | 1x02aaq 
7 
2 puct mately Let toy | | *5*2x2+410 914) [Porn] 
ghe , = 
9 (10 


2 ry aa 
20 36 0434484, 
ae nor} [ OBS29BO,, 5 [no [Pen 


spe above program IS used to multiply two matrices to get a resultant matrix 


matrices cannot be multiplied. For 


ay two of the first matrix should be 


two matrices to be compatible for multiplication, the number of 
equal to the number of rows of the second matrix. 
spusfor the two matrices A{m} [n} and B[n} [q), the product matrix PE) [) will be: 


ja (nlx B10] (a)=P im) (a) 
eas 


that for A] [], the number of columns is ‘n’ and for B: the number of rows is also 'n’, Also note 
wet product matrix has the number of rows of a and the ee eb nol | 
qo alaulate an element of the product 
otrx WE have to carry out the 
folowing steps. Let us take the 
shown above where A[2) [3] 

(a2, n=3) is multiplied — with 
3(3](2] (N=3, Q=2) to get the [eee 


product matrix P(2] [2]. 

js.a general rule note that the element 
PIs] [3] iS obtained by multiplying 
te i® row of A[][] with the 5” 


column of BE] []. The diagram on the 
‘ight gives @ visual idea of which row 
and which column of the matrices a 
and B get multiplied to get a particular | 


dement of the product matrix P, Thus 
to get the value of the element 
P{1][0] for example, we have to 
mutiply values from row-1 of matrix A{][] with values from column-0 of matrix B[][]. In doing so, we 
have to multiply each element of row-1 with each element of column-0 and add the terms, as shown below: 


Theelement P[1] [0] = A[1][0]*B[0] [0] + A[1][1]*B{1] [0] + A[1] [2]*B[2] [0] 


In general P[] [5] = XA(i] [k]*B[k] [4], where the summation > is made over k (here k is the number 
of columns of A{] [] or the number of rows of BL] []). | 


Ih program 121, in line-5 three different square matrices a, B, and P have been declared to store 3x3 | 
ements each, Note that the product matrix [3] [3] has been initialised to ‘0’ in that line. The reason is 
that each element of P will be a sum and is of the form sum=sum+term. Hence each element needs to be 
initialised to ‘0’. | 
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The for loops of lines-6 and 7 are used to enter the values into the matrices A and B. The for loops of lines 
14, 15 and lines 20, 21 are then used to print the two input matrices A and B, 


Lines-25 to 28 are used to calculate the product matrix. The £ox loop of line-27 Is used to do the summation 
of the terms, for a particular element PB [i] [3] Of the product matrix. The summation is done over index k, 


Finally the £or loops of line-30 and 31 are used to display the final product matrix. 


The next example compares two different arrays and finds out at how many places the values are same 
in those arrays using pointer notation. 


Variable Value Memory 
Address 


/*Program-122:Comparing 2 arrays using pointers*/ 

#include<stdio.h> 

#define MAX 5 

void main() 

{ int are[MAX], brr[MAX], i, count=0; 
for(i=O; i<MAX; i++) 

{printf£("\nEnter arr[td): “, i); 
scanf("%d", arrti); 
printf("\nEnter brr[td]: “, i); 


£ Carat - CI | 3. 
) rr+3) 


orr{i)*/ 


Ree SVABAUNS 


| 
{ | 
12 for(i=0; i<MAX; i++) i 
13 {if (*(arrti) == *(brr+i)) /*clements compared*/ (*arre4) Us 
14 count++; yy 
15 ) 
16 print£(“\nThe number of matches = %d”, count); 
ar eae, 


Output of the above program: 


Enter arr[0]: 
Enter brr[0); 
Enter arr[1]: 
Enter brr[1]; 


Ho TH IN IN Top fla 1) 1oy 1) I 


matches = 2 


In line-5 we have declared two different integer arrays arr[{] and brr[] each containing a maximum of 5 
integer values. 


The for loop of line-6 is then used to enter the values into these arrays. Note how the pointer notation is 
used instead of the array notation to enter the values into the array using the scanf£() statements of 8 and 
10. Thus arr+i and brr+i are written instead of writing garr[i] and &brr [i]. 


The for loop of line-12 is then used to access the array elements and compare them. The if structure of 
line-13 compares the two arrays, again using pointer notation. Thus instead of using arr [i] and brr[i], 
we have used the indirection operator to dereference the address of the array elements to get the values. 
Hence the notations * (arr+i) and * (brr+i) are used. 


Whenever there is a match in values in the arrays arr and brx at a particular position, the variable count is 
incremented by 1 using the statement of line-14. In our example, the two arrays contain same values at 
positions i=1 and i=3. Hence the count value gets incremented when i=1 and i=3. 


Finally in line-16, the count value Is printed. 
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ft! 
ist! a following piece of code. 


ook q nai) 


crea", 60) 7 


anté("\nEnter value-%d: ”, i); 
scan ("80 Garr(i]); 


ey ign; i++) 
peinté("\n8d: “, arr[i}) ; 
40 | 
’ 
ode is compiled, it will compil | 
the following © 1 mpile, But when the above code is run, it will stop working and 
yr message. The reason is the wrong way of declaring an array as in line-2, An array cannot be © 


in 
ie a with a variable number of elements like arr [n] where n is input later as in line-4. 


wre probe can be recited in two different ways. In the first case assign a value to n before the array is 
fered as OWN below. Also remove the scanf () operation to enter the number of elements. 


ween . os 
a <nj it+) i 


Fs {printé("\nEnter value-%d: ", i); 
anf("8d”, Garr[i]); 

ae ‘ 17; Ai : ‘ Ra eae 
- foe (in0;,icn7. i++) ; 

i _ printé("\ntd: ", arr[i]); 
asa SoS ONES os shania : 

Inthe second case declare an array with a predefined number of elements, Next input a value of n as per the 
requirement using a scanf() operation as shown below. 


x 


er ee rs 


spy ded! pe psieseitnt ehatd 
Program shows a logical error that can occur while using arrays and the while loop. 


Ant arr[10], 4=0, sum=0 
loat avg; 

(iO; 4<10; 444) 

- {Print£(™\nEnter, value-%d:/“,- 4) 

Seant("$d”, Garr[4]) ; 


va 


i 
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8 480; 
9 while (i++<10) 
10 sum = sum + arr[i); 


oy avg = sum/10.0; 
12 print£("\nThe required average is %£”, avg); 
Bo) 


Output: 

Enter value-0; 
Enter value-1; 
Enter value-2; 
Enter value-3; 
Enter value-4: 
Enter value-5: 
Enter value~6; 
Enter value~7: 
Enter value-8: 9 

Enter value-9; 10 

The required average is -2879.800049 


SrM9ueene 


[waves ne ee 


e array arr[] from i=0 to i=9, The loop counter 4 


The for loop of line-4 is used to enter the values in th ! 
culate the sum. The average is 


| is again initialised to ‘0’ in line-8. The while loop of line-9 is then used to cal 
obtained by dividing the sum by 10. The final result is displayed in line-12. 


However the output is not as expected, Ideally the output should be equal to 5.5. However it shows a value 
| of -2879.800049. The reason lies in the wrong use of the while loop in line-9. Though the condition of the 
while loop is correct i.e. the loop will run from i=0 to i=9, with the post increment operator ++ increasing 
the value of i by 1 after checking the condition, Thus the loop runs for a total of 0 to 9i.e. 10 times. 


The flaw lies in the use of the increment operator i++. When i=0, the condition of while checks the 
condition as 0<10 (which is true) and the i++ statement then increments 4 to 1. Thus when the sum is made 
| in line-10, it uses the array element arz[1] and not arr [0]. Similarly when the last condition is checked for 
i=9 and 9<10, then i++ increments 4 to 10, When the sum is made, it adds arr[10] and not arr[9]. 
However arr[10} does not exist and the memory location there contains garbage value. When this garbage 
value is added to sum, it produces this absurd result. 


| ‘The code should be rectified in the following manner to get the proper result. 
8 i=0; | 
9 while (it+<10) 


10 sum = sun + Gata 4 


The following code that involves array initialisation will neither compile nor run: 


1 void main() 
2 { aint arr[5], i; 
3 arr = {4,9,6,3); 
| 4 for (i=0; i<n; i++) 
5 printf("\ntd: ”, arr[i]); 
6 ) " 
The fault lies in the incorrect initialisation of the array in line-3. An array can be initialised with values 
only during its declaration as shown below: 


2 int arr[5] = (4,9/6,3}, 4; i) reat et en 


The next code will show a compllation error as you cannot leave space for values to be entered later into 
a semi-initiallsed array. 


1 dnt arr[6] = (4,/6,3,,/7)) dF 
You must use values to reserve space during array Initlalisation as shown below: 
1 dnt arr[6] = (4,0,6,3,0/7), a7 
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mmo different components of an array are called the array elements 
declaration “int physics[20];" first, the set > 
ith a simple variable but an array, This ey 
wich can store 20 int type numbers 


umbering of array elements starts fi 
he ‘elements numbered from ‘0’ to oy Dan 
Jements from array[0] to array[n-1] 


of s 
Square brackets [ ] tells the compiler that we are not dealing 


jn the 
mple 
ple declares an array named physics (just like other variable names) 


2 and not from 4, Le. an array with 100 elements will 
Not from ‘1’ to ‘100’, In general array[n] will have 


have 
data el 

f 
te array elements of a particular array are stored in Consecutive memory locations depending upon the type of 
(al 

hods to enter d | 
there are two met F data into an array. Th | 
elements during design time, or by entering data fron the fava eee array ween 
el Is used In general to input data into an array (though the while and do-while loops can also be used if 

entering data into an array, ca 
Whiter of elements declared 7 Care should be taken so that the input data does not surpass the 
an array can be initialised by writing down the initial data elements that the arra i 
y can hold, (An un-initialised array 

contains garbage data, unless it has been declared as a static variable array), The meted ts do this is to write 
down the array elements separated by commas within curly braces, as: int ar[S]={ 2,4, 7,4,9 


one can initialise an array only during the declaration of the array 

In case the number of elements of an array is specified within the square brackets and all the elements are not 
initialised, then the un-initialised elements will all be initialised to 0 automaticaly 2 ; 

To initialise all the ten elements of the array arr[10] to 0 one can simply write: 

int arr[10] = { 0 3; 

In general one requires a maximum of (n-1) traversals of the array to sort an array with n number of elements 
using Selection Sort or Bubble Sort techniques 

In Selection Sort, the smallest element in the array occupies the first position in the array after the 
first round of sorting | 
In Bubble Sort, the largest element occupies the last position in the array after the first round of sorting | 
Searching is a technique that is used to find a particular value from a list of values. There are various 
methods for searching like liner search technique and binary search technique 

Binary Search Method Is similar to finding a particular page of a book using its page number 

The array elements must be in a sorted order to apply Binary Search 

In Binary Search, the process of dividing an array Into two halves and searching for the value at the middle portion 
of the selected half is continued till the number is finally found | 


‘A matrix is a 2 dimensional array with m rows and n columns. The row number and column number 
together identify any element in the matrix. Thus int mat[4][3] defines a matrix with 4 rows and 3 


columns 
‘The numbering of each row starts from ‘0’ and extends up to one less than the total number of rows. Similarly the 
and extends up to one less than the total number of columns. The | 


numbering of each column starts from ‘O° 
ber gives the position of any number In the matrix 


combination of a row number and a column num 
* The general rule is that arrays are stored in memory such that the rightmost index value varies most 


rapidly 

In the row major form of storing the values of a matrix the elements are stored row wise. In thls method after 
storing the elements of a row in consecutive locations, the elements of the next row are stored, 

In the storing the values of a matrix the elements are stored column wise, In 
this ance phar pesca cena of a column in consecutive locations, the elements of the next 


column are stored 

For two matrices to be compatible for multiplication, the number of columns of the first matrix should be equal to 
the number of rows of the second matrix 

C provides us with a special type of variable called a ‘pointer’ to store the memory address locations of | | 
ler variables ___———— 
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- A special operator called the ‘address of” operator represented by the ampersand symbol (&) is ‘used ] 
to access the address of a variable 


**", followed by the 
* Declare a pointer variable by first stating the data type of the pointer, followed by a Pointer 
name. The data type of that variable sels address it will store, will form the data type of the pointer 


* The declaration int *px indicates that px is a pointer type variable that can store the address of an 
integer type variable 


A special operator called the indirection operator (*) is used to access the value of a variable using its address 


+ The statement printf(*Value of x=%d", *ptr); uses a pointer to display the value stored at the 
memory address indicated by the pointer ptr. 


The indirection operator can also be called the value-pointed-by-address operator or value-stored-at-addrase 
operator as it can be used to display the value stored at a particular address location using that address location 


The name of a one-dimensional array gets automatically converted to a pointer and the array name 
Points to the starting element of the array 


* The name of an array can be treated as a pointer 
Pointers increment in units depending on the data type they point to 


* For an array, when an integer i is added to the array name, the resultant expression points to the i® array element, 
In general (arr+i) => &arr[|] => address of the * element of the array arr 


*  *(arr +1) is same as arr[i] for the array arr 

“arr indicates the value stored at the 0" position of the array arr 

"An integer can be added to a pointer or subtracted from a pointer 
‘Two pointers can be compared 

= Two pointers cannot be added, multiplied, or divided 

= Two pointers can be subtracted 


* To subtract one pointer from another it needs to be assured that both the pointers point to elements 
of the same array or memory block 


Qi. Multiple Choice Questions. Select from any one of the four options. leach 
|) Which of the following is an incorrect statement for an array: 

a. All the array elements of a given array are of the same data type 
b. The array index starts from 0 
c. The name of an array indicates the value of the first element of the array 
d. Array elements of a given array store consecutive locations in memory 

ji) Which of the following is an incorrect statement for an array: 
a. For an n element array the last element index is n-1 
b. You can change the size of an array as per requirement 
c. Anumeric array declared using the static keyword has all its elements initialised to zero 
d. An array is passed to a function as argument by using the array name only 

iil) For the statement int arr[8]={2, 6, 3, 9}; the array element arr{7] will store the value: 
a. garbage value b. 2 a) do 

iv) For the statement int arr[8]={2, 6, 3, 9}; the array element arr[8] will store the value: 
a2 b.0 c. garbage value 4.9 

v) _ In bubble sort method: 
a. The last element of the array gets sorted first 
b, The first element of the array gets sorted first 
c. The second element of the array gets sorted first 
d, The second last element of the array gets sorted first 

vi) Which of the following is an invalid code? 


a, int a[7]; b. int bf J; c. int cf ] = {2, 8} d, int d[10] = {0}; 
vil) Which of the following Is a valid statement for an array declared as int a[10];? 
a, *(a+2)=5; b. a=*(a+1); ¢. at=(a+1); f 
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a se last element of the array gets sorted first 
"ane frst element of the array gets sorted first 
the second last element of the array gets sorted first 


an 
for 


an array with n elements the maximum n 


for 
it using the bu 
gating dnl 


bble sort method is: 


lumber of times the array needs to be scanned for 


Gira d. n-3 


inary search method which of the following is not true: 
ne middle element of the array is searched first ; 


i The search area of the array gets divided into two portions after each unsuccessful search 


¢, The entire array needs to be in a sorted order 

4, The algorithm works only if the search value is present in the array 
Apointer | 
a, A spec 


is: 

jal constant that stores the address of another pointer 
p, A special constant that stores the address of another variable 
c. Aspecial variable that stores the address of another pointer 
4, A special variable that stores the address of another variable 


which symbol is used to declare a pointer? 
at b.* ce 
What is the output of the following program piece in C? 
int a[9]=(3,4,5}, i, sum=0; 
for(i=1; 1<9; i++) sum+=af]]; 
printf("\n%d", sum); 
ad b. 12 a9 
What is the output of the following program piece in C? 
int b[5]}={1,2,3,4,5}, |, F 1; 
for{i=0; i<4; i++); f=fP*a[i]; 
printf("\n%d",f); 
al b. 24 c5 
What is the output of the following program piece in C? 
int arr[6]={1,0,3,0,5}, i, count=0; 
for(i=0; i<6; i++) 

if( ari] == 0) count++; 
printf("\n%d", count); 
at b.2 a3 
What is the output of the following program piece in C? 
int arr{10] = {9,8,7,6,5,4,3,2,1,0}, i; 
for(i=1; i< 10; i++) 

*(arr+i) = *(arr+i-1); 
Printf(“\n%d", arr{9]}); 
at b.0 og 
What is the output of the following program piece in C? 
int arrf ]={6,6,6,6,6,6}, i; 


for(i=5; i>-1; i--) 
*arr = *(arr+i)+1; 
Printf(*\n%d", arr[0]); 
a 12 b.8 7 
The declaration int m[4][8] defines a matrix with: 
. 4. columns b. 4 rows c, 8 rows 
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xix) Which of the following statements is incorrect? 
a. int a3]=(0}; b. int afS]=(2, , 5, , 6); c.intaf }={2,2,2}) de int al J={0}; 
Xx) Which of the operations is not possible on a pointer in C? . 
a. Add an integer to a pointer b. Subtract two pointers c. Add two pointers d. Compare pointers 
Q2. Short Answer type questions: leach 
i) What is an array? 
ji) What is the range of indices for the elements of an array int arr[5]. 
lili) | What does the name of an array specify? 
iv) How can you initialise an integer array during declaration with the values 3, 6, 9? 
v) What does the declaration float mat(2][5]; mean? 
vi) What is the alternative notation for the notation *(arr+i) for a float type array arr? 
vii) What is the simplest method of initialising all the elements of an integer array arr to 0? 
vili) What do you mean by the column major method of storing elements in a matrix? 
ix) What do you mean by the row major method of storing elements in a matrix? 
x) State one difference between selection sort and bubble sort. 
xi) State one difference between linear search and binary search, 
xii) State any two valid operations that can be done on a pointer in C. 
Q3. Long Answer type questions: 7 each 
i) Write a program to reverse the contents of an array. Explain the terms row major and column 
major matrices. What is the use of the indirection operator in C? 4+2+1 
ii) Write a program to sort the contents of an integer array in descending order. What is the relation 
between a pointer and an array? State one difference between linear and binary search. 4+2+1 
iii) Write a program to search for a value from a given array. State any two characteristics of an array 
type data structure. State one disadvantage of using an array to store a set of values. 4+2+1 
Q4, Assignment Programs: 4each 
i) Write a program to get the sum of the squares of the values stored in a 10 element array. 
ii) Write a program to get the sum of the values stored at the even positions of the array. 
ili) Write a program to get the sum of those values in an n element array which are multiples of 7. 
iv) Write a program to print the contents of an array from the last to the first. 
v) Write a program to find the average of values in an array and then print those values from the 
array which are more than the average value. 
vi) Write a program to find the second maximum value from an array having n integers, 
vii) Write a program to find the second minimum value from an array having n integers. 
viii) Write a program to find the standard deviation of those values in an array which are multiples of 3. 
ix) Write a program to delete the middle element of an array having an odd number of elements. 
xX) Write a program to delete all odd values from an array with the help of a delete function. 
xi) Write a program to insert the value -1 after every occurrence of the value 5 in an array. 
xi) Write a program to insert the value -1 before every occurrence of the value 5 in an array. 
xiii) — Write a C program to sort the values at the even positions in an array having n elements. 
xiv) Write a C program to sort the values at the odd positions in an array having n elements. 
xv) Write a program to sort the first half of an array in ascending order and the second half of the 
array in descending order for an array having 2n number of integer values. 
xvi) Write a program to find whether an array contains any consecutive sequence of values (for 
example the array [2, 9, 4, 5, 6, 1, 3, 8, 9] has two consecutive sequences 4, 5, 6 and 8, 9). 
xvii) Write a program to separately find the sum of left and right diagonal elements of a square matrix. 
xvili) Write a program to check if any column in a matrix is having all zeroes. 
xix) Write a program to separately find the sum of each column of a matrix and display them. 
xx) Write a program to get the product of a matrix and its transpose for a square matrix. 
xxi) Write a program to find the maximum from each row of a matrix and print each maximum. 
xxii) Write a program to check if a matrix is orthogonal in nature (a square matrix is orthogonal if the 


product of the matrix and its transpose is an identity matrix. An identity matrix is itself orthogonal). 
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inte ( 
apart from these there exist another form of data called i] 

a mean any Wire or thread but a collection of dutiten thane pig 

we a sentence, paragraph etc. However C does not Provide us with any special 

nag to represent strings. But an array of characters has a special place in C. It 

to denote a string. A string is treated in C as a collection of characters in a 

cter array, with a special marker to denote the end of a Particular string. Thus the 


& 
ong line of code can be used to declare a string: 
fo 


10); 
char str[10] hae tr] 
memory diagram to the right shows how Memory will be allocated for storing the 
spove character array called str (the array can have any other name), Since a win 
sracter occupies 1 byte, thus 1 byte will be allocated for storing each element of this 
ray a5 shown. It is seen in this example that stx[0] starts from memory location 
joo! and the array ends at the memory location 1010 with the array element str [9]. 
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jyst like initialising an integer or a float array, a character array can also be initialised 
‘phold a string, as shown below. Each character is enclosed within a pair of single 
quotes and separated by a comma, 

char str[10]={‘S’, ‘a’, ‘y’, ‘a’, ‘n’,‘\0'); 
ste that an extra special character '\0' has been introduced at the end of the 
jane Sayan during the initialisation. The character ‘\o’ is treated as a single 
character called a ‘null indicator’ and is used to mark the end of a string. 


The ‘null indicator’ i.e, *\0' should be placed at the end of the set of characters 
» tell C that a particular string, consisting of several characters, has ended, Without 
the null indicator it would not be possible to find the end of the string or to demarcate 
‘two or more consecutive strings. One important thing should be kept in mind. While 
cedaring a character array for holding strings, always remember to keep one 


“ have written programs that had i , ery 
to now Wwe a ‘ad dealt with numerical values like = 
p ers and floating point numbers or at the most only simple character type — gtr{0) | 
Co 4002 


| string 


I|A isa 
collection of 

| | characters to 

| forma word, 
name, sentence, 


paragraph etc. 


Initialising a 


String 

| Samm is 

| represented in C 
| as a character 

| array. 


character extra to include the null terminator. Thus if a string consists of n 
characters, always declare the array to consist of n+1 characters minimum, as 
str[n¢1] and not as str[n]. In the latter case the character set will not be treated 
#52 string as there would be no space to accommodate the null indicator. 

Since an array of characters has a special place in C, it is not surprising that it can be also initi 
more convenient manner as shown below: 


char str[10]= “Sayan”; 


The above declaration with the name Sayan between two double quotes “ ” is used to initialise the | 
Character array with a string, The double quote indicates that this character array consists of a string 


nd C automatically inserts the null indicator \0' after the last character in the string. 
Remember that if you initialise a character array using single quotes as ‘a’, then the character is treated as a 


char type variable and if you initialise it using double quotes as in “a” then it is treated as a string and the 


‘wll indicator is automatically inserted at the end of the character. 
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‘\o’ is used to 
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the string. 
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Do not use the 
address operator 
*&! when 
inputting a string 
using scanf( ) 


5 int len; 
6 printf("\nEnter the word to find its length: “)/ 
|7 scanf("$s", str); 
8 for( len=0; str[len]!=/\0'; lent+) ; 
9 print£("\nThe number of letters in the word = #d", len); 
10 return 0; 
uu } 
Output 
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be initialised only during the 


can i 
bes) an are the code shown below is 


i : ' ial 
‘As discussed in the previous chapter, unlike other type of vari TS her. TRUS 


declaration, C does not allow directly assigning one array 
not allowed in C. 

char str[20]; 

str = "Sayan"; 
To assign a constant string (like the one shown abo\ 
required in C, as will be shown later. 


ions like strcpy() are 


ve) to an array, special functi 


114,21 nin 

Apart from initialising, a string can also be input by using library functions like pel a sed oe 
getchar(). Similarly we can display a string using the printf () function and tt eh a raat Ueeaithe 
or by using the puts() function. The following program is a simple one that input ord 

scanf () function and the %s format specifier and determines the number of letters in the word. 


1 /*Program-123: To find the length of a string*/ 
2 tinclude<stdio.h> 
3 int main() 

{ char str[10]; 


Enter the word to find its length: Sayantan 
‘The number of letters in the word = 8 


-4 of the above program, the 


Several points need to be noted in the simple program given above. In line: 
e-5 will be used to store the 


character array stx[10] has been declared. The variable len declared in lin 

calculated length of the string. Several things need to be noted here: 

» No address operator ‘s’ has been used in the scan () function before the variable name in line-7. 
When inputting a string using scané () and the %s specifier there is no need to use the address operator 
‘s', as by default the name the array indicates the address of the first element of the array i.e. &str[0]. 

= The variable array str[] inside scanf() function does not include the square brackets [] and 
only the name str is used. This is due to the same reason as above i.e. the name itself means &str[0] 
and this is what is required by the scané£ () function as its second argument. 

* Thirdly, the %s specifier automatically inserts the null indicator '\0’ after the entered string. 


8 in the above program is used without any loop body following it and has been 
terminated by a semicolon. It may seem strange at first sight. The variable len is used to store the 
number of letters in the word. Within the fox loop first len has been initialised to 0. After the initialisation, 
the condition of the for loop checks the content of the string at str [i]. 

Initially as the value of len is 0 the condition checks the first character of the word i.e. stx[0]. In our 
example we have input the word “Sayantan”, Therefore the condition str [Len] !=" \o’ is true as str [0] 
is equal to ‘s’ in our example. Since there is no statement as part of the loop, after the condition becomes 
true the control comes back to the increment part of the loop i.e. Lent+ and 1en gets incremented by 1. 


The for loop in line- 


The condition subsequently checks for the consecutive values of the word with every increment of len and 
checks the characters str[1], str[2], str[3] etc. Any character other than ‘\o’ will make the for loop 
condition true and let it continue. When the end of the string is reached, len will be equal to 8, and the last 
array element checked will be stx[8] which is equal to ‘\0’. This will finally make the for loop condition 
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fe ecifier 1S perfect as long as we enter a sing] Péved sing the Printé () function in line-9. 
if Single word, 

ie 8 the %s specifier, then the string ; . But if we se : 

ps a 7 to the character tetofe ae wt will Not be the same le ee tae 

mipakreborty" then only “Sayan” wal got ae @Ppears. Thus if someone enters the name 

cen along with %s to enter multiple words, Stored in the array. Therefore one cannot use 

sco 

sf 


eral ways to overcome this 
sees con and get the required reat as se ay ‘0 use another format spectfier along with 
-124; To print a string usi ’ 
‘ emcee. ‘9 Using scanf() without the &s format specifier*/ 
esa main) 
(cher str [80]; 
printf ("\nEnter the string: ”); 
scanf("#[*\n]", stx); 
printf ("\nThe entered string is gs" 
) 


output 


igter the string: Pulak Chand Kundy ER 
Pulak Chand Kundu 
fae sctared atring is Pulak Chand Kundu 


+ Str); 


the above example, the specifier &{*\n} indicates that the funti ; i Pines tear aaa an a oi ; 
h characters like blank, tab etc.) until it ion will take in all characters, (including 


a gets the new-line character ‘\n’ ie. it will input all 
qaracters which are not equal to newline i.e. ‘\n’, 

inher form of scanf() can be used to restrict 
funcion stops taking a character when it gets a chai 
[ii scant ("8 [Arza-2]", str); | 


(ete 


input to only lowercase and uppercase alphabets. The 
racter other than the alphabets, as shown: 


Twsif someone enters the string “time2go”, then only the Portion time will get stored. 


‘other function, namely the gets() function can be used to input a multiple word string. The 
gets() function terminates the input when it receives a new-line character "\n’ (i.e. the Enter key) as input 
fom the user. It then stores the string by replacing the new-line character ‘\n’ with a null indicator 
‘\o'to mark the end of the string. Similar to the scang (} function, the argument of gets () function is. also 
ttearray name used to input the string. The syntax for the character array stx[] is: 
[Pigets (sec) ; ae Bi cae i He 
The following program uses the gets () function and counts the number of words in a sentence. 
(Orgran “125! "10 count” number Of words: di ec ; 


‘pentehcet/ = 


ih 


wold main() a ae Ranta 
© f char str[60]; 
| int 4, count=0; 
|. Printf(“\nEnter the string: ”); 
5 gete(str) ; 
for(i=0; stx[i]!= ‘\0!; i++): 
AE (ste [a] m1) iene ooh 
count++; 4 as 
Printf("\oThe number of words in the 


You can print a 
ing using the 


format specifier. 


Using %[*\n} with 
scanf{( ) 


You use 
the scank{ ) 


| Function with %s 
specifier to input 
a multiword 
string. 


The [ 
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em 
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The program-125 inputs a string using the gets () function and determines the uber wile as a 
that string, In doing so it counts the number of positions where there is an occurrence of the on space in 
the sentence. By counting the number of blanks we can determine the number of words, as a sentence with n 
number of blanks will have (n+1) words. 


Line-7 uses the gets () function to enter the string. The for loop of line-8 then reads through the string 
until it gets the null character "\o’. The i statement of line-9 then checks each of the characters given by 
str[i]. If str{i] is a blank, ie.’ ’, then it increments the variable count by 1. Therefore for the above 
example, the value of count at the end of the string will be 7 as there are 7 blanks in above the sentence, 

has been added to 


In line-11, the print€() function is used to print the number of words. Note that ‘1’ 
count to get the number of words from the number of blanks. 


We have seen that we can store a single string in a single 
array. When we are dealing with a 2D array i.e. a matrix, —>—~ (0)(3) 
we can treat each row of a matrix as an array and each 
such array can be used to store a string. Therefore a 4 }CO)| {49D} | C492) | | £1903) | | (99047 
character matrix can be used to store multiple [Bent [¢ is ui u 

strings. The first array index of such a matrix defines the (2yco)| | C2049} | £292) | £22031} | (2104) 
Tow number i.e. the strings number and the second index l I 

indicates the maximum characters in each string. 


char list[3}[5] = {{'R’, ‘i’, ‘k’, ‘\O'}, list(0] 
(al, tel, tke, Yo", ‘NOD, 


va 
(10", ‘e, ‘e’, tpi, Nor), | Hst{t] 
» list(2) }} 


The above declaration indicates a character matrix 


containing a maximum of 4 characters (the 5 character 
is reserved for ‘\0’ to mark the end of each string). Since 
each word is not exactly 4 characters long, the remaining 
elements in each row remain unused, 


But we have seen earlier that a string can be more 
conveniently written by writing the string within double 
quotes (" ”). We give below the same string initialisation code shown above but using double quotes to 
enclose the strings. 


char list[3][5] = {*Rik”, “Arko”, “Deep”}; 


The above code automatically assigns each string to each row of the 1ist[] matrix and inserts the null 


| terminator ‘\o’ at the end of each string. An interesting property of the above initialisation is that each 
| string can be treated as a single element of a one dimensional array consisting of 3 elements. Thus 


of alist of strings | 


each of the 3 strings can be referred to by the row number of the matrix as: 
list(0] + ("Rik") 
list[1] + ("Arko”) 
list[2] + (“Deep”) 


The following program reads several strings and calculates the length of each string. 


/*Program-126: To calculate length of multiple strings*/ 
#include<stdio.h> 
void main() 
{ char names [10] [20]; 
4nt num, i, len; 


WaKNK 
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inte \e words to iny 
aia. ial put (Maximum 10): ”) ; 
* 
(de Acnum; i++) 
0 
_ prints ("\RENESE mame-Ad: "| 4), 


scant ("ee", names(i}); 
) 
u gor (i807 i<num; i++) 
| for ( len=0; names[i} {len} t= ‘\0’; rens+); 
peinté”\nLength of ts = td”, names{i) aay 


ut 

gto tne number of words to input (Maximum 10): 4 
 nane-0: Satyajit 

af 1: Ritwik 

Tapan 

Mrinal 


Ly 
gator namen 
pater pame=; 
ntor namen3: 


pongth of Satyajit = 8 

pongtd of Ritwik = 6 | 
pangth of Tapan = 5 
tongth of Mrinal = 6 


pe words to be entered are stored in 
matrix names [10] [20] declared 
inlne-4, which can hold a maximum of 

yo sings with each string containing a 
imum of 20 characters, Based on 

this decaration the compiler will 
pene 10 X 20 = 200 bytes of 
rnemory area to store the strings in the 
—patrix names [] U1. In line-7, the total 
rumber of words (out of a maximum of 

| 0) to be entered is input into the variable num, 


4s dscussed earlier, during input of a string in line-10, only the first index of the matrix is specified in the 
/ 


| Storing a list 0 
strings 


scanf() function as names [i] to indicate the i" string. This is done as each row of the matrix where each 
sting is stored can be identified by the combination of the matrix name and the row number as names [i] - 


After the strings are entered, the for loop of line-12 is used to read the strings one by one and then count 


the number of characters in each. For each run of the for loop of line-13, the variable Len is initialised to 0 
length of the string represented by names [i] is 
ints the length of the string names [i]. After 
initialised to 0 in the for loop, for calculating 


frst. Then using the technique of program-123, the 
culated and stored in the variable 1en. Line-14 then pri 
iculating and displaying a length, the variable Len is again 
the length of the next string. 


ust like different library functions that are available to handle 1/0, mathematical operations, etc. C provides The 
\S With several library functions to handle strings. String handling includes common tasks like copying function can be 
19 two strings [streat () ], finding the length of a string used to find the 

{strlen ()], comparing two strings [stremp () ], etc. There are other string handling functions but we will — length of a string. 
"tic ourselves to the most commonly used above four. Include the header file <string.h> for these, a 
1. steien(): This function is used to count the number of characters in a string, excluding the null yy 

terminator. It takes only one single string as its argument and returns an integer value indicating the 

length of the string. The argument can be a variable array or a string constant (like “computer”). 


‘Wo strings [stxepy ()], concatenating, i.e. joinin 


The strlen() 
function 
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Part 1: Chapter 14 


The syntax for the function is: strlen( string ); 


/*Program-127: To find the length of a string using strlen() function*/ 
#include<stdio.h> 
void main() 
{ char str[10}]; int len; 

printf (“\nEnter the word to find its length: ”); 

scanf("%s", str); 

len = strlen(str) ; 

print£("\nThe number of letters in the word = td", len); 


WONAHAWNK 


Enter the word to find its length: Saptarshi <i 

The number of letters in the word = 9 * 
The above program is a modified version of program-123, where we had used a for loop to calculate 
the length of a string. The syntax to find the length of a fixed or constant string is to put the string within 
double quotes as shown: 


len = strlen( “pneumonoultramicroscopicsilicovolcanokoniosis” )7 


2. stxepy(): This function is used to copy one string into another. You cannot copy one string into 
another simply by equating them like other type of variables using the assignment operator. The function 
copies the contents of the second string i.e. string2 into the first string ie. stringl. The second string 
can be either a variable array or can be a constant string. The syntax for the function is: 


Copied to— 


strepy( stringl, string2 ); 


The following program is used to exchange two strings using the strcpy () function. 


1 /*Program-128: To exchange two strings*/ 

2 #include<stdio.h> 

3 void main() 

4 { char str1[80], str2[80], temp[80]; 

5 print£(*\nEnter first string: ”); 

6 gets (str1); 

7 printf£(“\nEnter second string: “); 

a gets (str2) ; 

9 print£(“\nThe entered strings are: %s #s”, str1, str2); 
10 stropy(temp, str1); 

uu stropy(str1, str2); 

12 strcpy(str2, temp) ; 

13 print£("\nThe swapped strings are: ts $s”, str1, str2); 
14 , 

Output 


Enter first string: Humpty 
Enter second string: Dumpty 

_The entered strings are: Humpty Dumpty 
The swapped strings are: Dumpty Humpty 


Three character array type variables called str1[], str2[] and temp[] are declared in line-4. The first 
string is entered in line-6 into str1[], and the second string is entered into str2[] in line-8 using the 
gets () function. 
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s are printed str1[} follo 
2 Med by st21) in tne-9, Then from line-10 to line-12 the swapping 


{1 ' copied to the temporary character array temp[] using 


strin' 
we two strings are done. First stry 
ol qin line-10. Then str2[] j 


IS Copie 
wae temp(] 15 copied to stx2( one Sil {] using strepy() in line-11. Finally the string 
Py () in lit ‘ ; : 
jine13- ) in line-12. The swapped strings are displayed in 
: This function is 
3 cs identical or if ‘arom two strings. By comparing two strings is to see if two yy 

st phe we mean if a string starting Asli alphabetical order or not. By proper alphabetical order siing Compare 
for & ith ‘b’ (like book) is after a string starting with ‘a’ (like apple) OF function 


rot, THUS {apple, book} are in order but { 


Mnparing two strings stringl and strin book, apple} are not in alphabetical order. The syntax for strcmp() 


92 using stomp () is: 
serenp(stringl, string2) ; 
upon the above possibiliti : 
Depending up Possibilities, the stemp() function works in the following ways: 


The function returns 0 (and not 1, remember this carefully as the | Working of 
in the condition of a if statement to test two strings to be same). stremp() 


p) stringt is in alphabetical order with string2: The function returns a negative number. 
¢) string! is not in alphabetical order with string2: The function returns a positive number. 


Thus by checking for the sign of the returned value you can determine whether stringl is equal, higher ® 
or lower than string2 in alphabetic order, | lone! 


a) Both the strings are identical: 
inverse of this value can be used i 


rhe ogc of the strom () function may at fist seem confusing. But the way of working of the function | fund fone 


will make things clear. The stromp () function in reality finds the difference in the ASCII values of the | | ong string is | 
first non-matching characters in the two strings. Thus if string1 (say Sujoy) is in alphabetical order with | equal, higher in | 
string2 (say Sumon), then the first non-matching character ‘3’ (Sujoy) with ASCII value 106 in | alphabetic order, 

] 


stringl minus the first non-matching character ‘m’ (Suman) with ASCII value 109 in string? results in | | or lower in 


anegative number (106-109 = -3). alphabetic order 
, than another 
We now give below a program to sort a list of strings in alphabetical order. We will be using the | | no 


strcmp() function to compare two strings and then the stxepy() function to interchange pairs of 
strings in case they are not in alphabetic order. 


1 /*Program-129: Sorting a list of strings*/ ay 

2 (Binclude<stdio,h> Sorting a list of 
3 #include<string.h> strings 

4 ‘oid ascending(char names[] [20], int n); | 
5 void main() 

6 { int num, i; 

7 char names [100] [20]; 

8 printf("\nEnter number of names in the list: Ld 
9 


scanf("#d”, &num) ; 
10 for (i=0; i<num; i++) — _%— = 


it {printé("\nEnter name-td: “, i); |-the 
2 f£€lush (stdin) ; | function d 
B | 0 for identica 


gets (names [i]) ; 

4 ) | strings, a +ve 
number for 

5 ascending(names, num) ; strings not in 

16 printe(*\nbist of names in ascending order:”); | order, and a —ve 

7 for(im0; i<num; i++) exe os 

8 printf ("\nts”, names(i]) 7 | ( ts, 

ig ksy repre order. 
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20 void ascending(char list[][20], int n) 
at { char temp[20); 
22 int i, 3; 


23 for(i=0; icn-1; i++) 

24 for(j=it1; j<n; j++) 

25 { i£( stromp(list[i], list[j]) >0 ) 
26 {strepy (temp, list[i]); 

7 strepy (list{i], list(3]); 
28 strepy(list(j], temp) ; 

29 ) 

30 } 

ag } 

Output 


Enter number of names in the list: 5 
Enter name-0; Tathagata 

Enter name-1: Soumik 

Enter name-2: Anurup 

Enter name-3: Saptarshi 

Enter name-4; Mouktik 

Uist of names in ascending order: 
Anurup 

Mouktik 

Saptarshi 

Soumik 

Tathagata 


character matrix called Q@QOOO 
names[100][20] to store a {names{o})|/ T|[a|[t iG 
maximum of 100 names with 
each name up to 20 characters 
long. In line-9 the actual number Tamestal > 
of names are input into the 
variable num, The for loop of [names(s}} 
line-10 is then used to enter the 

names in the list. The diagram (namestai}>} 
on the right shows the state of 
the matrix after inputting the 
names. The f£lush(stdin) 
function in line-12 is used to [names(o] 
clear the input buffer before 
entering the names in |ine-13 
using the gets () function, 


In line-7 we have declared a 
names © 


00O0GO8O 


0 


names[4] || 


In line-15, the ascending() 
function is called to sort the list 
of names in ascending order. 
The matrix names and the 
number of names stored |e. num 
are passed to the function. The formal argument 1ist receives the matrix in the function header. Note 
how the variable list which recelves the names matrix is declared. You need to use the two pairs of 
square braces to indicate the variable received as a matrix. Moreover you need to specify the second 
index in List as list [] [20]. This isa MUST. Though you may or may not mention the first index. 


After Sorting 


Within the function, the €or loops of lines-23 and 24 are used to sort the list of names in ascending order 
using Selection Sort method, 
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at ie. the 3!" name in the list, then 


48) Q, 
somes true. 
b these condition is true, the strings 1 
whet 
pio" 


ist 
am 128 using the strepy () function in jing 


1 tc 
> Compare the string list[i} with 1ist[j]. As we have 


Ist Is not in alphabetical order with respect to 
" returns a positive value and the if condition 


name in the 
the functior 


[1] and dist 
5-26 to 28, 


nally the sorted list is printed using the for loop of line-17. 
fin ‘ 


atl): This function is used to join tw 


Strings in 


[3] are exchanged as per the logic of the 


12 © stecat( name; "\" ); 


0 strii ‘ 
He other string. The syntax for the function ig: ‘Ns i.e. one stri 
of excat (stringl, string2) ; 
6 
\d string2 
pin Fence cae shoud be tater qe fa he second sng Le, atzinge ets added ae 
string): Hen and‘etring2, Th en so that string] is declared with sufficient size to contain | 
th string) ith ci “Une streat() function works by replacing the null indicator ‘\o’ at the 
ond of the stringl with the starting character of the second string, 
; —= 
wing iw = = f= 
qne Rag Framele] le tname(o] name[0] ||"! |] namefo) |[/t ||) name(o) fcal| 
ae strings} Fname(1} Uname(1}| Name[1] |//E ||] name(t) E name[1] & 
ramely ed Fname(2] |||] Lname(2] |v name(2) |[[C7]|| name(2] ca name(2] 
i Sicily A 
The — Frame[ name[3}| [E]}|] name(3) [E]]} namers) [|] namers) | [CI] 
cast, tn Fname(4) |[[i0"] Lname[4] EE name[4] & name[4] (ej name[4] 
vypuLo "1S m7 
re Fname[5} a Lname[5) name(s} |{[]]|] name(s) [J] namets oO 
Tre remaining Frame(6) []}) Lnamere) []}}} name(s) |] ]} amore) |[[37}|} namere) 
ae: \eFname(7] [CJ] tnamer7; LE}]| namet7) /[[]|) nametz |{[F] || namet7) 
ae are Frame(s)|[[")]|} Lnamete) name(s) |{[]}|| name(s) |[[i]]|] nameta) | (fk) 
ng added 10 Fname(o)|(["] |} tnamefoy| [7] |] name) |[F]}| namete []]|) namersy 
this constant Ba i] 
sring to form a | | nameto}| "T]|] name1o}} [6] |) namectoy)[.—] 
final greeting. name[11] O name(11} oO name[11] 
| /*Progzam-130: Joining strings*/ nameti2)| [1] ||. name(12] (CQ) namert2) 
2 Hnclude<etdio.h> name(13}| [1] }]_nametts)|[]||_ namet13] 
J fapeludecateing, b> namett4)| [J] |] namet14y| [|] namer14) 
4 vold main() : 
5 { char nane(20), Mame[20], 2name[10} ; name[15]| [J] |] name[1s) CI} name[15] 
6 dntf("\nEnter First Name: "); name[16}| |] || namet16) oO name[16] 
pr 
7 gets (Lname) ; name(173) [EJ] |) name(t7) name(17] 
8 printf ("\nEnter First Name: ”); namette]|{]}] namette)| [J] nametts 
9 gets (Lname) ; 
10 atroat( name, “HELLO” ); name(19}| [||| namef19] (| name[19} 
M -vatroat( name, Fname ) ; name[20}| [||| name[20}| [[~]|| name(zo) 
Bw] os 


43) yatecat( name, Lname )); 
4 \printé("\nts”, name); 
by 


Output 


Enter iFirst Name: aRKol™! 
Enter Last Name: BANERJEE 
MELLO ARKO BANERJEE 
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streat( ) function. 


od 114.5 Pointer and Stri 


Part 4: Chapter 14 


3 different character arrays namely name(26], Fname[20], and Lname[20] have been declared in line-5, 
In lines-6 and 7 the two strings are entered into the variables Fname and Lname using the gets () function, 


In line-8, the constant string “HELLO ” |s copied to the blank string array name [] using strcat(). In line- 
9, the string stored in Fname is then joined to the existing string in name[]. In line-10, a blank character is 
added after the first name to separate the first name from the last name. Finally in line-11, the string stored 
in Lname is added to the existing string in name[]. Line-12 then prints the composite string stored in 
name[). 


The biank is added to separate the two names in the final string, Note the double quotes used to enclose 
the single blank space. Since the strcat () function joins strings, we cannot use a single quote to indicate 
a blank, but a pair of double quotes to indicate a blank string. The memory diagram in the previous page 
gives the memory content of the arrays Fname[] and Lname[]. The three diagrams for the name[] array 
show how the three individual strings are added one after the other to name [] to get the final string. 


Also keep in mind that the string name[] should be made sufficiently large to accommodate the 
constituent strings along with blank characters and the null character. 


A string is basically a character array and hence it is natural that we can 
control strings efficiently using pointers as array operations can be done 
efficiently using pointers, A constant string can be declared using the following 
string array declaration: 


char prompt[] = "Press Enter"; /*Array initialised by string */ 


The above character array will allocate 12 bytes of memory 
(1 byte for each character) including one byte for ‘\0’ to store the above 
string, However instead of using a character array, we can also use a 
character pointer to store the same string as shown below: 


char *prompt = "Press Enter"; /*Pointer initialised by string*/ 


The above declaration creates a character type pointer called prompt, 
which can store the address of a character type variable. It is then initialised 
with the address of the constant array containing the characters "Press 
Enter”. 


The memory diagram on the right shows that the constant string is allocated 
memory location starting from 4000. The character pointer prompt then stores 
this starting address, To access the string, we will simply have to access 
this pointer. 


For example to print this string, just like a normal string array we have to simply 
type: 

puts (prompt) ; /#Prints the string stored in prompt*/ 
OR printé("ts", prompt) ;,/*Prints the string stored in prompt*/ 


Using the above notation we had actually reduced a one-dimensional array to a single variable namely 
the pointer prompt. However in the above representation, in addition to the memory space used to store the 
constant array, extra memory is needed to store the pointer prompt, which will contain the address of the 
first element of the constant array. Thus representing a single constant string using a character pointer may 
not be of much help. The major advantage of this approach comes when we try to store a set of constant 
strings (to be covered in book-2). 


‘As pointers provide an efficient and compact technique to access arrays, programming operations with 
character strings are almost invariably done with pointers. The following program simply copies the 
contents of one string called Inputstr into another string called Outputstr. 
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(gue Pee Pena eestor | with the address of the 0” | 
5 gnté("\nee ; ring to copy; "); | elements of the character arrays 
tStr) \ 
6 es (INPY sees 
’ Wisel vpdn !@ NO") /*Lo0p runs titt value poanted | ; wriah| 
’ (tpout = *p_in; “Content pointed by p in aated: 45 venory pointed by plout*/ | 
y Presi /*P_sut incremented to point to the noxt chara 

+ /*p_in ineremer 
f pint PLAN Ancremented to point to the next character 


) 
2 spout © ww 
yo Tnee (abe copied string is: %5", outputstr) ; 


| 
pput of the above Program: 

ou gator the sting to copy: Sachin 

Fhe copied string ds: din 

‘ pede have declared two string type variables Inputstr 
i putputstr: In line-5 we have declared two character 

s pointers p_in and p_out. Along with the declaration, 
vals assigned the address of the character array Inputstr 

ts pout Is assigned the address of the character array 

a pts tx, Hence p_in stores the starting address of 

miput te and p_out contains the starting address of 

prput ste aS shown on the right. 


‘he input string is entered within the array Inputstr in line-7 
vsing gets () statement. In our output example we have 

the string “Sachin” within Inputstr as shown in the 
diagram on the right. 


The main part of the above program is the while loop in 
fine-8 which Is engaged in copying the string, The while 
Joop condition checks if the value pointed by pointer p_in (j.e, 
tp_in) is ‘\o’ or not. If not then the condition becomes true 
and the body of the loop Is executed. When the pointer reaches 
the '\o" character at the end of the string then the while loop 
condition becomes false and the loop terminates. 


1000) 3 


In line-9 within the body of the loop the content of the location 
pointed by the pointer p_in, i.e, *p_in Is assigned to the 
contents of the memory location pointed by the pointer p_out 
ie, to *p_out. This is nothing but copying the character from 
the InputStr array to the OutputStr array. 


Inour example when the loop runs for the first time the character ‘S' at InputStr [0] Is pointed by p_in. It 
is copied to the memory location pointed by p_out i.e, to OutputStr [0]. 


After one character is copied, in line-10 the p_out pointer is incremented to point to the next character 
position, In line-11 the p_in pointer is incremented to point to the next character position. The loop condition 
is again checked. If the condition Is true, the next character is copied and the pointers incremented. 

When the '\o' character is reached by the pointer p_in the loop terminates. In line-13 the '\o' character is 
inserted at the array location pointed by p_out to mark the end of the copied string. 

Theentire loop can be written in a compact manner as shown below. Try to analyse the code on your own! 


§ — while(*p out++ = *p_int+); /*Value assigned first, then point 
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14.6 Some worked out problema: 


The next program checks the number of characters entered and terminates the string if the number of 
characters crosses the maximum length of the string array including the *\o" character. 


1 /*Program-132; String input up to specific number of characters only*/ 
2 #include<atdio.h> 

J define MAX 10 

4 int main() 

5 {char str[MAx], letter; 
6 int count=0; 

7 printf ("\nEnter the string: ' 
8 while( 1) 

9 {letter = getchar() ; 


10 if (letter=="\n') 

i break; 

12 if (count==MAX-1) 

13 { print£("\nString too large and terminated...”); 
14 break; 

15 } 

16 str[count] = letter; 

7 count++; 

18 } 


19° str[count] = ‘\0'; 
20 printf("The input string is: ts", str); 
a return 0; 
2 yy 
Outputi: 

Enter the string: beautiful —_ 

The input string is; beautiful, 
Output2: 

Enter the string: entertainment — 


String too large and terminated 
The input string is: entertain 


In line-3 we have defined Max as 10. Hence the program will input strings up to a maximum length of 9 
characters plus one null character. The string array str[] declared in line-5 will store the input string. The 
variable count is initialised to 0 in line-6 and is used to serve as the index for the string. It also serves as a 
count of the number of characters input. 


The while loop of line-8 Is used to enter the string, character by character. The gatchar () function of line- 
9 is used to enter a character into the char variable letter. Line-10 checks if this input character is a 
newline character i.e, Enter (remember that the Enter key is pressed when a string entry in completed and 
the ‘\n’ character corresponds to the Enter key). If so, the break statement of line-11 terminates the loop. 


The if statement of line-12 then checks If the present count: value is equal to the last index in the array. IF 
0, as no more characters can be input in the array, it prints the error message and breaks out of the loop In 
Jine-14, Remember that for a proper string you can input a maximum of characters one less than the size of 


| the array as the position at the last Index Is used for storing the ‘\o' character. 


Otherwise the input character Is stored In the array at position count in line-16. In line-17 the count 
variable is incremented by 1 to point to the next array Index. 


When the loop terminates by any one of the break statements, In line-19 a \0’ character is forcibly stored at 
position count (remember that when the loop terminates, count points to the index after the last valid 
character stored in the string array), 
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sue a0¥e program, the if statement of line-9 checks the character str [i] to be the character ‘e’ or ‘E 
using the logical OR operator. Thus for the input string in the above example, it finds a °E’ in the position 
gol] and two'e’ in the positions str[2] and str [26] and prints accordingly in line-12. 


next program is a modified form of the above program where the character to find is input the 
e instead of fixed character written inside the aaa : / “— 


jeprogrem-134: To count number of occurrences of any alphabet in a string*/ ay 
finclude<stdio.h> : 


void main() Count number of 


! 

2 

3 occurrences of 
4 {char str[80], letter; any alphabet 

5 int i, count=0; 

G printf ("\nEnter the string: ”); 

7 gets (str) ; 

5 print£(*\nEnter alphabet to find: "); 

9 f£lush (stdin) ; 

10 letter = getchar(); 

7 i€ (letter>=97 && letter<=122) 

2 letter = letter-32; 

B for(i=0; str[i]!= ‘\0'; i++) 
4 

5 

6 


{ if( (str[i] letter) || (str[i] == (letter+32)) ) 
count++; | 
} 
7 printf("\nThe number of ‘tc’ in the string is %d", letter, count); 
BY 
Output 
"ister the steing! She sells sea shells on the sea shore | 
Enter alphabet to find: s 
(Ube numberof \s’ “in. the string is 8 © 
In the above program the character to search Is entered into the variable letter in line-10 using the 
getchar() function (Note the use of the function £#1ush(stdin) before using getchar()). As the 


character entered can either be in lower or in upper case, it is first converted to upper case for uniformity by 
the if statement of line-11 and 12. 


Then the for loop of line-13 fs used to check the occurrence of the character indicated by Letter. Note that 
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both the small and capital alphabets are checked by checking the variable Letter (for capital alphabet) ang 
letter+32 (for the small alphabet) using the logical OR operator. 


The next program counts the number of words in a sentence separated by any number of blanks, 


‘ i lanks*/ 
J /*Program-135: To count number of words in a sentence with multiple blan 


2 #Hinclude<stdio.h> 


3 void main() 

4 { char str[80]; 

5 int i, count=0; 

6 printf ("\nEnter the sentence: ") ; 

7 gets (str) ; 

8 for(i=0; str[i]!= ‘\O’; i++) 

9 {if(str[i] == | ' 6@ str[itl] I= ' ') 
10 count++; 

i ) 

W2 print£("\nThe number of words in the sentence is td", count+l); 
13 ) 

Output 


Enter the sentence: Happiness in intelligent people _is a rare trait 


The number of words in the sentence is 8 


The string to search is entered in line-7, The for loop of line-8 scans the characters to count the words. For 
a set of characters to be a word it must be preceded by a blank space. This condition is checked by the i 
statement in line-9. So if str[i) is a blank and str[i+1] is not a blank, then the counter count is 
incremented. The condition will be false for any two consecutive blank spaces. 


The next program is used to count the number of vowels in a sentence. 


1 /*Program-136: To count the number of vowels in a string*/ 


1 [0) 
2 #include<stdio.h> vores tol 
3 void main() vowel [1] 
4 { char str[80], vowel[11] = “AETOUaeiou"; vowel [2] 
Ey int i, j, count=0; 
6 printf("\nEnter the string: “); Vowel 3] 
7? gets (str) ; vowel [4] 
8 for(i=0; str[i]!= '\0"; i++) vowel [5] 
9 {for (j=0; vowel[j]!="\0' ; 5+) 
10 if(str[i] == vowel[j]) vowel [6] 
i {count++; vowel [7] 
12 break; 
13 } vowel [8] 
14 } vowel [9] 
15 printf("\nThe number of vowels in the string is %d", count); 
16} vowel [10] 
Output 


Enter the string: Beauty lies in the eyes of the beholder 
The number of vowels in the string is 14 


In the above program we have declared two strings in line-4. The first one to input the string str[], and 
another one called vowel [] to store all the vowels. The string vowel [] has been initialised with a constant 
string “AETOUaeiou” that contains all vowels both in upper and lowercase. The ‘\0’ is automatically inserted 
at the end of the string as shown above, 


The string to check Is input in line-7. The for loop of line-8 then scans the string and takes a character 
str[i] for every ; till it gets the ‘\o’ character. The for loop of line-9 is within the outer for loop. It is 
used to scan the array vowel[] with loop index 3. 


P1-14-14 430 


a 


computer Science 
tS 


Strings in C 


| C ; 

i oS out of the inner loop. The program then L 
on tine-15 finally prints the number of vowels in the input string, 

PO constant strin ; 

oil using si wthany oetre You can use an if statement like the one shown below to 
yg the Value © vowels. But the code requires a lengthy condition checking. 


en’ || str[i)=='E' (I) str[ij==rrr aah 7 Tar 
soe Hl ste(il==rir 4] ates Weep |] ste(ij=’a 
af program is used to check if a string is a palindrome or not. 
qe rogeam 37! To check for a palindrome*/ 
! [reinaecttdl© b> 
if ja main () 
j 7 enar st [801 
4" gat i, len, flag=0; 
5 printf ("\nEnter the string: "); 
6 gets (str) i 


for(len=0; str[len]!= ‘\O’; lent+); 


for (i=; 4 < len/2; i++) 
: { if(str[i] != str[len-i-1]) 
a {£lag=1; 
u break; 


} 
) 
5 if (£lag==0) 
printf("\nThe string is a palindrome") ; 


yy oeise 
it printf ("\nThe string is not a palindrome 
got 
output 
ater the string! Mapa = 
the string is a palindrome SHS 


Apaindrome is a word that reads the same from both the sides. For example the words “madam’, “liril”, 
‘ad’, “eye”, “racecar”, “malayalam” etc. are all palindromes. The above program enters the string to check 


fora palindrome in line-7. The length of the string is then found out using the method discussed in program- | 


123 using the for loop of line-8. The variable 1en is used to store the length of the string. The fox loop of 
line-9 is then used to check for the palindrome. 


The example on the right gives an idea of the logic of the 
program. To check for a palindrome, it is sufficient to check 
for the letters of the word from either end in pairs till you 
reach the centre of the word. If the word is a palindrome, 
the letter pairs from either ends will match. For example for _ 
“madam”, the pair of ‘m’ and the pair of ‘a’ from either end ( 
are identical, After that we reach the centre character ‘d’ —— —— 
and need not check any further. However for the word str] str[1] ) (__str{len-1-i] — str[5-1-1] 
“modem”, though the outer character pair ‘m’ matches, the 
next outer characters ‘o’ and ‘e’ are different. Hence (o7o¢ O-@- 
| ar) [ 


(str strfo] ) ( strlen--i)- str{6-1-0] ) 


“modem” is not a palindrome. 


For the word “madam” with lens5, to get the character 
Beis from either end in stx[] we use the index pairs as: ‘Same } 


stz[0] and str[4] ie. for i=0, compare str [0] and str[1en-1-i] ie. str[5-1-0] — str[4] 


d 


Str[1] and str[3] ie. for i=1, compare str[1] and str[len-1~i] i.e, str[5-1-1] > str[3] 
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Note the condition part of the €or loop. It is taken as i<len/2 as It is sufficient to check up eo . mle of 
the string, Thus for the word "madam", with 1en=5, the condition will be £<(5/2) 1.6. - eee fering 
integer division). Thus the index 4 will vary from 0 to 1 and check the characters str[0] and str[1] along 
with their respective pairs at the other end. 

If the string is a palindrome, then the if condition of line-10 will never be true and the value . the variable 
fag remains at 0. However, if the word Is not a palindrome, then the condition will be true ig ener it 
encounters two letter pairs that are different and will change the value of the variable £1ag to 1. will then 
break out of the loop as there is no need to check any further. 


The i statement of line-15 then checks the value in £1ag and prints whether the word 
not. If £1ag=0, then the word is a palindrome, else if fLag=1, it Is not 2 palindrome. 


is a palindrome or 


The next program is used to convert the first letter of every word to uppercase. 


1 /*Program-138; To convert the first character of every word to capital*/ 
2  #include<stdio.h> 

3 char convert (char letter) ; 

4 void main() 

5 { char str[80); 

6 int i; 

7? print£("\nEnter the string: ”); 

8 gets (str); 

2 str(0]=convert (str[0)); 

10 for(i=0; str[i]!='\0'; it) 

re { if(str[i] = '') 

12 str[it1]=convert (str[it1]) + 

13 ) 

14 print£("\nThe converted string is: ts", str); 
Pig tal 


16 char convert(char letter) 
17 { Af (letter>=97 && letter<=122) 


| 18 letter = letter-32; 
19 return letter; 
20 ) 
Output 


Enter the string: arise awake and stop not till your goal is reached 

The converted string is: Arise Awake And Stop Not Till Your Goal Is Reached = 
The above program uses a function to convert the first character of every word in a sentence to capital. The 
string is input in line-8 using the gets () function. 
We know that in a sentence a new word starts after a blank space. This logic is true for all words, except the 
first word in the sentence, which is not preceded by blank. Thus except the first word the starting character of 
all the other words can be found by finding the blank and checking for the character after the blank. 


Line-9 of the program is used to check the first character of the sentence by checking str [0]. To do so, the 
function convert () is called with the argument as str[0]. In our above example, for the entered string 
“arise awake and stop not till your goal is reached”, str[0]="a’. The variable letter in the function 
convert () is used to accept the value in str [0]. Thus letter = ‘a’ for the first character of the sentence. 
The if statement in line-17 checks if the character stored in the variable Letter is in lowercase. In this 
example as ‘a’ Is in lowercase the condition is true and 32 is subtracted from letter to convert it to 
uppercase ‘a’, Line-19 then returns the converted character stored in letter. The returned character is 
reassigned back to str [0] in line-9. Thus ‘a’ gets stored in str [0] now. 


The for loop of line-10 is then used to scan the string to search for a blank. The if statement of line-11 
then checks if str[i]=' ’. If the condition Is true then the next character should be the starting letter of 
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_ nest i" edi convert () ae ek, itt oe abil) Hast Ge 
gt) q sends it back to main(). Within the © character is in lowercase. If so, it converts it to 
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as tine-14 then prints the converted Seite, () function the capital letter is assigned back to 
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er i there can be three different cases. One, pues byte eprom 
we second, when the word is located in bet 


Fi ence gs the last word. 

cel 

. progr 339: To find the occurrence 
. 


of the word ‘the’ 


Necstdio.h> in a sentence*/ 


jnt i, count=0; 
printé ("\nEnter string: ”); 
gets (str) 
for (i=07 str[i]!="\0'; i++) 
{ if(str[4]>=97 && str[i}<=122) 
str[i]=str[i]-32; 
) 


ie( (str(O]="T") 66 (str[1]= 1H’) ce (str[2]—E") ee (str[3]—=" ') ) 


count++; | 
for (i=0; str[i] !="\o"; i44) | 
fe {ig(steli]—=" ') 

| fi {i£((str[itl]= 9") GG (str[i+2]—='H’) ce (str[it3]—='E’) ce (str[it4]=" ')) 
y count++; 
# ) 


| y ) 
| i£( (stx[i-1]=="E’) && (str[i-2]—='H’) 6& (str[i-3]—=‘T’) ce (str[i-4]=* ') ) 
countt++; 


P. 
a 
2 printf("\nTotal number of the word ‘the’ in the sentence is td", count); ] 
a) 


entered in line-7 using gets (). The for loop of line-8 is used to convert the sentence to uppercase to 
simplify the code. This is done to simplify the search, as there can be various combinations of lower and 
wppercase in a string and we had to search for all those combinations. After the conversion, to find the word 
“te’, there can be three different situations as discussed earlier: 


* “THE” at the beginning (blank after the word "THE”) 
"THE" in between (blank on either side of word “THE”) 
*"THE” at the end (blank before the word “THE”) 


The example sentence typed above gives us all the three conditions. In line-12, the if statement checks for 
the presence of the word “the” at the beginning of the sentence. To do so it checks if str[0]="r’, 
stz[1]='W’, str [2]='2’, and finally str[3]=" ‘, as the first word ends with a blank. This differentiates it 
from the word THERE. If the condition is satisfied, it increments count by 1. 


The for loop of line-14 then checks for the presence of the word “the” in between. In doing so, the if 
Satement of line-15 looks for the presence of the blank character, as a new word starts after the blank. If it 
a blank at position i, then it looks for the next 4 characters to be ‘r', ‘x’, 'g’, and‘ ' using the if 
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statement of line-16. The conditions are joined by logical AND operations within the i£ statement. With each 
occurrence of the word “THE”, the variable count is incremented by 1. 


Finally the i£ statement of line-20 is used to check for the occurrence of the word 

end of the sentence, the character after the word is ‘\o’ and the character preceding the word “the” is a 
blank. When the €or loop of line-14 ends, the loop counter 4 points to the null character ‘\0’. We can take 
help of this and use the counter a to check the last word. If the last word is "THE", then the letter 
str[i-1]="F, str[i-2]="H’, str[i-3]="7, and str[i-4]= ‘and count gets incremented by 1, 


Finally the number of occurrences is printed in line-22. 


“the” at the end. For the 


f letters in a string. Both the 


The next program is used to find the presence of a given sequence 0 . 
e number of times the given 


string and the sequence are taken as user inputs. The program counts th 
sequence occurs in the string. 


/*Program-140; To check for a given sequence of letters in a string*/ 


1 
2 #include<stdio.h> 
3 #include<string.h> 
4 void upper(char string[]); 
5 int main() 
6 { char str[80], secq[20]; 
Fg int i, j, k, flag, lenl, len2, count=0; 
8 printf ("\nEnter the string: “); gets(str); 
9 printf ("\nEnter the sequence: ”); gets(secq) 7 
10 upper (str) ; 
il upper (secq) ; 
i2 lenl = strlen(str); 
13 len2 = strien(secq) ; 
14 for(i=0; i<(lenl-len2+1); i++) 
IS { if(str[i]==secq[0]) 
16 
Be for (j=0, kei; secq{j]!='"\O'; j++, k++) 
18 {if(str[k] != seeq[j]) 
19 {flag=0; break;} 
20 t 
2 i£ (£lag==1) 
22 count++; 
23 t 
24 } 
2 print£("\nTotal number of sequences 'ts' in the string is %d", secq, count); 
26 return 0; 
| 27 + 


28 yoid upper(char string[]) 
29 { ant i; 


30 for(i=0; string[i]!='\0'; i++) 
31 ( i£(string[i]>=97 && string[i]<=122) 
32 string[i]=string[i]-32; 
33 } 
4 } 
| Output 


Enter string: Trees are there to restore the oxygen in the atmosphere 
Enter the sequence: re 
Total number of sequences ' 
The string and the sequence are input in line-8 and 9 respectively. In line-10 and 11 the strings 
to uppercase using the user defined function uppex () of line-28. In line-12 and 13 the length 
str and secq are calculated and stored in len1 and len2 respectively. The for loop of line- 


‘in the string is 6 
are converted 
of the strings 
14 checks for 
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-141: To find th 
jor in le presence of a given word in a string*/ ay 
nel : : 

1 at ydecsteing > To finda given 
he 4 upper (char string[]) ; word ina givet 
i” string 

jnt pain() 

char st (90], word[20]; 


int i, j, Ky Count=0, leni, 1en2, flag; 
print£("\nEnter the string: ”); gets (str) ; 
printf ("\nEnter the word: “); gets (word) ; 


ig wpe ate) 
il upper (word) 7 
lend = strlen(stz) ; 


lend = strlen(secq) ; 
for(i=0; i<(lenl-len2+1); i++) 
{ if(str[i]—word[0]) 


5 

¥ {fla 

v for (3=0, k=i; word[j]!="\0'; j++, k++) 

8 {if (str[k] != word[j]) 

8 {f£lag=0; break;} 

n } 

1 if (£lag=1) | 
Q {if ( (i==0 || str[i-1]=—=" ') && (str[k]==' | || str[k]=='\0') ) 
B count++; 

# } 

B } 

B } 

Z  print£("\nTotal number of words 'ts' in the sentence is td", word, count) ; | 
B return 0; 

By 

2 void upper(char string[]) 

HU { int a; 

2 for(i=0; string[i]!="\0'; i++) 

3 { i€(string[i]>=97 && string[i]<=122) 

4 string[iJ=string[i]-32; 

5 } 

® 

Output 


inter string! The other side of the moon is there for us to imagine 
Enter the word: the i | 
Total number of words ‘THE’ in the sentence is 2 
Pregram-141 is exactly same as program-140 with the only difference being in lines 21 to 24 which are 
"oduced in the next page for reference: 
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al if (flag==1) =='\0' 
2 (df ( (420 |] ste(ied]==! ') ee (steteyent ‘11 ste(kle='\0") ) 
2 countt++; 

“ ) 


As we have to check for a word instead of a sequence, after identifying the sequence In the string we have to 
see if it represents a full word or is part of a word. That is, after we find a match in the ‘Sequence of 
characters in the word we need to see if the sequence is forming a word. To do that if flag is equal to 1 
(sequence match found) the i€ condition of line-24 checks several conditions. For the sequence to be a word 


it can be the first word in the string or it must be preceded by a blank character. This con e checked by 
the part of the condition (i==0 || stx[i-1]==' '). i==0 checks for the first word and str[i-1] 


checks for the preceding character. Similarly for the sequence to be a word, it should be followed by a blank 
d by the second part of the overall condition 


character or by the ‘\o’ character, These conditions are checke \ : 
ie, by (strfk]==' ' || ste{k]=='\0"). The index & is used as it points to the location in the string 


str where the sequence for the word ends. Both these parts should be true simultaneously for the sequence 
to be a word, and hence are joined by the AND operator &&. 


The following example calculates the length of a string in a character array using pointers. 


1 /*Program-142: String Length using Pointers*/ 
2 #include<stdio.h> 
3 void main() 


Starting address of 


4 (char str[]="Kolkata", *pstr/ Character array ie. 

3 int length; str[0] or str assigned 

6 pstr = str; to char pointer pstr 

# while(*pstr != '\0') es 

8 pstrt+; 

9 length = pstr - str; /*Difference of pointers*/ 
| 10 printf("\nString Length = %d", length) ; 

Lt Betsy 

Output: 


String Length = 7 
In line-4 we have defined a string array str[] and initialised it with the fixed string “Kolkata”. Let us 
assume the string starts from the memory location 3000 and ends at 3007 (including the NULL). We have 
also declared a character pointer pstx, which can point to the address of a character type variable. In line-5 
we have defined an integer variable length to store the length of the string. 


In line-6, we have assigned the starting address of the character array str [] to the character pointer pst 
(remember, name of an array indicates the address of its 0 element), In this example, therefore pstx will 
point to the address location 3000. 


In line-7, the while loop is used to find the position of the NULL character in the string array. Within the 
condition part of the while loop, the content of the memory location pointed to by the pointer pstz (i.e. 
*pstr) is checked for a null character i.e. ‘\O’. The loop will run as long as it is not a null. The loop stops 
when *pstr is ‘\0’. For the first 7 positions of the array i.e. from str[0] to str[6], the content is 
something other than ‘\o’, Hence the loop condition remains true. The code pstx++ in line-8 is executed 
each time the condition is found true. Starting from the value 3000, with each pstr++ the value in the 
pointer pstx will increase by 1 byte (as a character occupies 1 byte and pstr++ means pstr=pstr+1). 
This will continue till pstr reaches the address 3007 (see diagram), when *pstr becomes equal to ‘\0’ 
and hence the condition becomes false. No further increment of pstx takes place and the loop terminates. 


In line-9, the length of the string is finally calculated. Note that str points to 3000 and pstr points to 3007 
after the while loop stops. The difference of pstr and str equals (3007 - 3000) = 7. That is exactly the 
length of the word “Kolkata” as displayed in line-10 using the print () statement. 


Important: Though the array name str behaves like a pointer, but we cannot use str++ to point to the 
next character, as the starting address indicated by the array name cannot be changed. 
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at fallonina program is used to print two strings in alphabetical order, 


ig main() 
char stri(80], str2[80], temp(eo), 


2 printf ("\nEnter first string: ); 
3 gets (str); 
4 print£(*\REnter second string: ”); 
} gets (stt2) / 
int£("\nThe entered strij 
printf (*\oT! strings are: 4s $5” ' 

7 el Sia 8”, strl, atr2); 
6 (temp = stri; | 
‘ strl = str2; | 
‘ str2 = temp; 
2 £("\nThe strit 
g printé ( ngs in alphabetical order are: $s, $s”, str, str2); 
4) 
output 

ivalue required 


vnen the above program is compiled, instead of compiling properly, the program gives the error message, | 
salue required - The reason is the incorrect way of copying the strings in lines 9 to 11, Strings cannot be 

in this manner and neither can these be compared as shown in line-8. We have to use the string 
handing functions to do these as shown below in the corrected lines: 


8 if( stromp(strl, str2) > 0) | 
9 { strepy (temp, str1); | 
10 strepy(strl, str2); | 
1! strcpy(str2, temp) ; | 
n } 

Output | 


Ester first string: Pradosh 
Enter second string: Mitter 
‘Whe entered strings are: Pradosh Mitter 
‘The strings in alphabetical order are: Mitter Pradosh 


The next program compares two strings. 


1 void main() 
2 { char unit[5) = {'m’, ‘e’, ‘t’, ‘e’, ‘x}, input[10]; 


3 print£("\nEnter unit (meter or kn): ”); 

4 gets (input) ; 

5 i£( stremp(input, unit) = 0 ) 

6 print£("\nEntered unit is meter”); 

7 else 

8 printé("\nEntered unit is NOT meter”); 

94 | 
Output 


Enter unit (meter ox km) 


Entered int 16 NOT mater 


Inthe above program, the character array unit [] is initialised with the string “meter” in line-2. Though the 
Sting entered into input [] in line-4 Is also “mater” (as per the above example) but still the printe() | 
function of line-8 gets executed, showing that the 4 condition In line-5 Is false. 


437 P1-14-21 


Part 4: Chapter 14 


The reason Is the wrong way of initialising the character array unit(]. If a string type data is used to 
| Initialise a character array then never forget to add the null character ‘\0’ at the end of the string as shown in 
the rectified program below. Moreover increase the size of the array unit[] to hold 6 characters including 


‘\o', 


instead of 5 characters. With the program written as above, the stemp() function was unable to find 


the length of the string in the absence of the null character to terminate the string. 


1 void main() 


2 { char(unit [6 tet, NO"), input [10]; 
3 printé("\nEnter unit (meter orm): ”); 

4 gets (input) ; 

5 if( stremp(input, unit) == 0 ) 

6 printf ("\nEntered unit is meter”); 

7 else 

8 printf ("\nEntered unit is NOT meter”) ; 

9 Vn) 

Output 


Enter unit (meter or km): meter 
Entered unit is meter 


Astring is a collection of characters to form a word, name, sentence, paragraph etc. 

C does not provide us with any special data type to represent strings 

A string is treated in C as a collection of characters in a character array, with a special marker to 
denote the end of a particular string 

The following line of code can be used to declare a string: char str[10]; 

Since a character occupies 1 byte, thus 1 byte will be allocated for storing each element of a string 
array 

Just like initialising an integer or a float array, a character array can also be initialised. Each character is enclosed 
within a pair of single quotes as: char str[10]={c’, ‘o’, ‘m’, 'p’, ‘u’, t,‘e’,'r', \0}; 

You cannot initialise a string after you have declared it. You can only initialise a string during the 
time of declaring the string array. However you can input a string anywhere you like. 

The character ‘\0’ though looks like two different characters but C treats it as a single character called a ‘null 
indicator’ and is used to mark the end of a string. (Note "\0" is enclosed within single quotes) 

While declaring a character array for holding strings, always remember to keep one character extra 
to include the null terminator 

If a string consists of n characters, always declare the array to consist of n+1 characters minimum, as strin+1] 
and not as str[n] to keep one character extra to include the null terminator 

Since an array of characters has a special place in C, it can be also initialised in a more convenient 
manner as; char str[10]= “Sayantan”; 

No address operator '&’ is to be used in the scanf( ) function before the variable name to enter a string 

The %s specifier automatically inserts the null indicator '\0’ after the entered string when using 
scanf() 

‘The %s specifier will read only up to the character before the first blank appears. Thus if someone enters the 
name “Rohan Dey’ then only “Rohan” will get stored in the array using scanf( ) and %s 

The specifier %[“\n] indicates that the function will take in all characters, (including white-space 
characters like blank, tab etc.) until it gets the new-line character ‘\n’ i.e. it will input all characters 
which are not equal to "\n’ and can be used with scanf( ) to enter multiple words 

Another form of scanf() can be used to restrict input to only lowercase and uppercase alphabets, The function 
stops taking a character when it gets a character other than the alphabets, as shown: scanf("%[A-Z a-z]", str); 
The gets() function can be used to input a multiple word string 

Use the function fflush(stdin) before gets() to enter a string 

A character matrix can be used to store multiple strings. The first index of such a matrix defines the 
number of strings and the second index indicates the maximum number of characters in each string 
strien() function Is used to count the number of characters in a string, excluding the null terminator 

strepy() function is used to copy one string into another (you cannot copy one string into another 
simply by equating them like other type of variables using the equal sign) 
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| 
which of the following is an j aie ane eee a : 
; 2 Ncorrect statement for inc ) 
a, A string is a collection of alphabets seme 
p, A string can be initialised during declaration 
c, Astring can contain blank spaces 
d, The scanf( ) function can be used to input a string ' 


Which of the following is an incorrect Statement for a string: 
a. Astring should be terminated by a null character. 


b, Astring can be copied using the assignment operator '=", 
c. Strings cannot be compared by Using relational operators, 
d, A character pointer can be used to fepresent a constant string. 


A string is terminated by a character: 
a.'\n’ br c. \0" d,“\b" 
To store a string 10 characters long you Tequire a minimum of bytes. 
a, 20 b, 22 c. 10 d. 11 

- | 
Which of the following codes can be used to initialise a character array? | 
a, char test{ ] = ‘Test’; b. char test[ ] = “Test”, 
c, char test[ ] = ['T’, ‘e’, 's’,‘t]; d. char test ] = (°T", "e", “s”, "t”, “\0"}; | 


Which of the following codes is correct for a string type data in C? 
a, char str1[10], str2[10}; gets(str1); str2=stri; | 
b, char str1[10], str2[10]; scanf("%s”, &str1); str2=str1; 
c. char stri[10], str2[10]; gets(str1); while (*str1 !="\0") {¥str2=*str1; stri-++; str2++;} 

d, char str1[10], str2[10]; gets(str1); strepy(str2,str1); 

Which of the following format specifiers can be used to input multiple words using scanf{ )? 


a. %* [\n] b. A[%\n] c. %{4\n] d, [%\n] 
Which of the following functions can be used to input multiple words from a string? 
a. putchar( ) b. getchar( ) c. puts( ) d. gets ) 


Which of the following codes is correct: 

a, char str[10]="ABCD"; while(*str != ‘\0’) {printf("%c”, *str); str++;} 

b. char str[10]="ABCD"; int i=0; while(*(str+i) != "\0') {printf("%c", *(str+i)); i++;} 
c, char str[10]="ABCD"; while(str != ‘\0') {printf("%c”, *str); str++;} 

d, char str[10]="ABCD", int i=0; while(str-+i != '\0’) {printf(“%c", str+i); i++;} 
Which of the following is not a proper library function to work with string type data? 
a, strepy b, strlen c. strepm d, streat 
Which of the following codes Is correct in C? 

a, char X[9]="COMPUTER’, Y[9]; printf("%d", strlen(X)); 

b. char X[9]="COMPUTER”, Y[9]; stropy(X, Y); printf("%s", Y); 

c. char X[9]="COMPUTER”, Y[9]; strcat(X, Y); printf("%s", X); 

d. char X[9]="COMPUTER”, Y[9]; printf("%d", stremp(X,Y)); 
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Q3. Long Answer type questions: 


@ 
strecm 


r list(10)[8); 
7 


Which of the following library functions can be used to join two strings in 
a. stremp b, strepm c. strpme 4. 


How many different strings can be stored using the following matrix: a 


a, 10 b.9 8 
What is the maximum lenath of each string that can be stored using tet ms char list{10](8]; 


a. 10 b9 8 
What is the output of the following program piece in Cc? 
char str[10]="RSTUVWXY2"; int i; 

for(i=1; 1<10; |+=2) printf("%c", str[i]); 


a, TVXZ b. RIVX c. SUWY 4, STUV 
What is the output of the following program piece in C? 

char x[10]="COMP", ¥[10]="UTER"; 

streat(x,y); 

printf("%s%s", x, y); 

a. COMPUTER b. COMPUTERUTER c. COMPUTERCOMP —d, UTERCOMP 
What is the output of the following program piece in C? 

char x[10]="beginning”; int i; 

for(i=0; x[i]!="\0" && x{i]!='n! && xfi]!="; i++) 

printf(“%c”, x[i]); 

a. innin b. begiig c, begg d. beg 
What is the output of the following program piece in C? 

char x[10]="program”; int j; 

for(i=strlen(x)-1; i>0; i--) printf(%c", x[i]); 

a. margor b. margorp c. argorp d. progra 


leach 


What do you mean by a string in C? 

What is the use of the ‘\0’ character in a string in C? 

State one difference between a normal character array and a string array. 

What is the byte size of an array that can store a string with string length 10? 

What is the use of the strcat() function? 

What is the use of the strepy() function? 

What is the use of the strlen() function? 

What is the use of the stremp() function? 

What type of data can be used to store a list of strings in C? 

Maximum how many different strings can be stored using the matrix: char SLOP 
Declare a matrix that can store 10 different words with a maximum of 20 characters per word. 


State one purpose of using a string pointer, 
Teach 


Write a program to check if a string input by the user is a palindrome or not, Explain the use of the 
strepy() function with the help of an example. 44241 
Explain the working of the strcmp() function with the help of an example, Explain how you can 
store a list of words in C? What is the purpose of using the null character in a string? 4+2+1 
Write a program to find the length of a string without using any library function. Explain the 
difference between a normal character array and a string array, What is the use of the strcat() 
function? 4+2+1 
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rr A 
fi write a program to input a string and print it in reverse order, 
i 4 


write a program to input a string and 
id) the first character. 


Print every alternate character from the string starting from | I 


ite a program to input a sentence and i ence | 
ii orate ~#", Print the final string. then replace every'blank:In the:'sent wath he} 
write a program to input a word and convert it to another word such that all in the 
ae ‘4 every alphabet in 
new word is one position ahead of the original alphabet [for example “zebra” will become “afcsb”] 


Write a program to input a word and capitalise every alternate letter in the word starting from the 


a should k 
first letter, You should keep a check to see if ti , : 
in the required case or not. he letter which needs to be case changed is already 


| 
Modify the previous program by writing two functions called upper() and lower(). The first one | 
converts any letter to uppercase irrespective of its original case and ie second pa any letter | 
to lowercase irrespective of its original case. Now call these functions to convert the altemate | 


characters to upper and lowercase for a given word enter: for the input 
word “Olympics”, the output will be “OlYmPiCs”], ed by the weet [ior ample ‘ 


vil) Modify the code in the previous program to input a sentence and capitalise every alternate letter in 
the sentence [for example “Good morning India” will become "GoOd MoRnInG iNdla” ] | 


A ‘ | 
vii) Write a program to input a string and actually reverse it and then display the reversed string. 


x) Write a program to enter a sentence and capitalise the first and the last letter of each word in the 
sentence i example for the input string “The world is a stage”, the output should be "ThE WorlD 
IS A Stage"). | 


x) Write a program to input a word into a string type variable and then create a new string from the 
input word such that the new string does not have any vowel in it [for example if the input string Is 
“intelligence”, then the output string will be “ntlignc”). 


xi) Write a program to use a function to find the length of a string passed to it and return the length. 
Do not use the strlen() function in your program. 


il) Write a program to use a user defined function called copy with two string arguments. The 
function copies the content of the second string argument to the first string argument. The 
program inputs a string into one of the string variables and calls the copy function to make the 
copy. Print both the original and the copied strings after the function is exit. Do not use the 
strepy() function. 

xii) Write a program to enter two strings of equal length. Find the number of places where they have 
the same character and the number of positions where they differ. (Convert all lowercase letters to 
uppercase in the two strings first, before checking) 

xv) Write a program to input a word and form a new word in a new string by removing the first and 
the last letters from the word [for example for the input word “computer”, the output will be 
“ompute”]. 

wv) Modify the above program to use only the input character array for the conversion and no other 
additional array. 

vi) Write a program to input a string and remove every alternate letter from the string starting from 
the second character from the left and print the final string [e.g. “Sunday” will become “Sna”], 

Wi) Write a program to read 10 words into a character matrix and then calculate and print the length 
of each string stored in the matrix. [Hint: Write a string length finding function and use it to find 
the length of each string as you scan the words] 

‘vil) Write a program to read a set of 10 names. Then print out only those names whose name starts 
with a particular character as input by the user. 

For example, for the names - Sarmilee, Souvik, Ritwik, Rajat, Anasua, Bibek, Chandan, Sreshtha 
etc. — if the user enters the character 'S’ to find names starting with 'S’, then the program will print 
the names - Sarmilee, Souvik, Sreshtha from the above list. 


441 P 4-14-25 


vi) 


Part 4: Chapter 14 


xix) 


xx) 
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xxii) 
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xxiv) 


(Hint: Store the names in a 2D character array like names{10][20], Then use a for loop to read 
each name and compare the first character of each name i.e. names[iJ[0] with the user entered 
character stored ina character variable. If it matches then print the name) 


Write a program to read a set of 10 names and their ages. Then print out only those names whose 
ages are more than or equal to 50. ; 

(Hint: Store the names in a 2D character array like names[10][20]. Store the ages in another 1D 
integer array like age[10]. Then use a for loop to read each age and check if it is greater than or 
equal to 50. If so, then print the name corresponding to the index of this age. Thus if age[i]>=50, 
then print namesfi.) 


Write a program to enter the names of the week (Mon, Tue, Wed, Thu, Fri, Sat, Sun) into a string 
matrix, Next store the names of the week at the odd position (Mon, Wed, Fri, Sun) in a matrix 
called Odd and store the names of the week at the even position (Tue, Thu, Sat) in another matrix 
called Even, 


Write a program to store a list of 10 names in a character matrix. Next sort the names in ascending 
order of the last letter in each string. Print the final sorted list. 


For example if the list of names is ["Sabuj", “Abhrojeet”, “Sayantan”, "Rohan", “sakib’, “Promit’, 
“Vikas”, “Rakhi”, "Sritama”, “Saptarshi”], then the sorted list will be ["Sritama”, “Sakib”, “Rakhi”, 
“Saptarshi”, “Sabyj”, “Sayantan”, “Rohan”, “Vikas”, “Abhrojeet”, "Promit”). 


Write a program to store a list of 10 names in a character matrix. Next print those names (can be 
‘one or more) from the list which have the maximum length. 


Write a program to store a list of 10 words in a character matrix. Next print those words (can be 
‘one or more) from the list which have the maximum number of vowels in them. 


Write a program to input a string and a rotation factor r (a positive or negative integer). If r is 
Positive then rotate the string to the right (clockwise manner) by r characters such that the 
characters from the end get joined at the beginning one by one. Similarly if r is negative then 
rotate the string to the left (anti-clockwise manner) by r characters such that the characters from 
the beginning get joined at the end one by one. Print the final string. The value of r can be more 
than the length of the string [for example if string is “rotation” and rotation factor is +3 then the 
final string will be “ionrotat”. IF rotation factor is -3, then the final string will be “ationrot”), 
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have learnt basically two types of vari 7 Z ina sinal 
i now we Variable declarations. First, a single value stored in a single 
riable and second, a set of values of a particular data type stored tia Segle variable. The second type 
a noting but an array. ie could have been satisfied with an array but the major problem with an array 

f it can store values of a single type only i.e, either all elements in the array should be int or 


tat or char etc. @ 
putin general an object may need a variety of data types to describe it. For example to keep record of | A fru ie 
group ol 


a gudent in 2 school we may require the following parameters for each student: ne 
Name: A string type data (basically a char array) like “Trinanjan Batabyal” | Same or different 
Gender: A char type data i.e. 'w’ (for male) or 'r’ (for female) | | types but 
Class: An int type data like 11 identified by a 

| single name. 


Section: A char type data like's’ | 


Itis always convenient to store the above set of data for a given student under a single variable name such 
gs student, instead of using separate variables for each of the above parameters. Also to keep a record of 
say nv number of student type data in the school, we can store 'n’ sets of the above type of data using an 


amy. All these can be achieved by using a special data type called a Structure. 


structure is a group of data of same or different types but identified by a single name, thus forming a yy 
user defined data type. | Definition of 


15,2 How to declare a structure structure 


Jo dedare a structure one has to first define the contents of the structure. This will then be used as a 
template or blueprint to declare variables of that particular type. A structure for our above example is 


defined on the right (see box), A structure is normally defined outside all function definitions. 

To define a structure, the keyword ay 

struct is to be used along with a | struct student Example of a 
specific name for the new data type. { char name[20]; structure type 
‘The definition shown here indicates char gender; General data 


that we have defined a structure \int clas; format 
data type with the specific name ‘char section; 
student, which requires 4 different VLE PUP PRE 
types of data to describe it. Therefore 
ech student variable will require the following sub-variables to describe it: 
char name[20]; -» A character array with 20 characters to hold the name of the student 
char gender;  -» char type data to hold the gender of the student 
int clas; —+ int type data storing class of the student (class is a keyword, hence clas used) 


char section;  -> char type data to store the section of the student 


Sach such sub-variable that makes up a structure is called a member, element or field of the structure. 
Usually the members of a structure are logically related i.e. they represent different components or 
parameters to describe a particular type of object. Note that the structure definition is terminated by a 
Semicolon, indicating that a structure definition Is also a statement. 


definitions before 
main() function. 
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At this point no variable has actually been created but an | Rake 
the form of the data has been defined. Once the structure se 


data type student has been defined, variables of the type 
student can be declared just like any other variable Variables 


declaration as shown below: 


height, weight; 


struct student captain, prefect; 


struct student captain, prefect; 


| 

| Similar to declaration of 2 £1oat type variables viz. height ea 
and weight (see example on the right), the above example 
declares 2 variables of type struct student. The data type 
struct student serves as a template t 
or tag name for the new data type and the structure data type: studen’ 
variables captain and prefect serve as 

; prefect 

different objects of type struct bisects pparee 
student, as shown in the figure on the 
right. Each of the student objects will 
consist of the same set of members as 
defined in the template. 


¢ Other ways of declaring structure variables: 


Apart from the above declaration, the struct student type structure variables can also be declared during 
the structure definition. The format shown below combines a structure definition and variable 
| declaration of the same type in a single statement. In this case, when the structure variables are 
declared along with the structure definition, the template name is optional. Thus all the three types of 
declarations shown below are same: 
Same As Same As _ 
f 


z 
i struct student 


i { char name(20] ; 
char gender; 
int clas; : int clas; 
char section; i char section; 
) captain, prefect; 


char name [20] ; 
char gender; 


truct student captain, prefect; 


i} captain, prefect; 


Sreonnnasanarensnnnaase 


In the first example, the structure is defined first and then variables captain and prefect are declared 
later using the newly created data type struct student. In the second example, the variables captain 
and prefect are declared along with the structure definition. The third example is similar to the second 
one, except that the template name student is left out. Note that in such a case one has to declare the 
variables always along with the structure definition and no other similar variables can be declared later. 


* Structures as structure members: 


Just like any other variable type, a structure itself can 
be a member of another structure, but the member 
structure needs to be defined prior to its use in 
another structure. Such a structure is known as a 
nested structure. 


The example on the right defines two types of 
structures. The first structure is having the specific name date and is used as 
a nested structure within the second structure called student to store the 
date of birth (DOB) of a student. Finally variables captain and prefect of type student are declared. 


struct date 
{ int day; 
int month; 
int year; 


struct, student. 
{ chaz-name[20]; 
char gender; 

int clas; 

char section; 
struct:date DOB; 
} captain, prefect; 


ea 


The memory distribution for the two structure type variables captain and prefect declared before is 
shown on the next page. Note that for each struct_student type variable, a total of 30 consecutive bytes 
are allocated. 
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, Use of typedef: 


the keyword typedef can be used to make 
iteasier to declare a structure type variable, 
we have seen in the last page that in C the 

rd struct needs to be used along 
with the template name to declare a 
gructure type variable like: 


struct student captain, prefect; 


4 


section clas 


4 


day section clas gender 


year month 
4 4 


In the above example two variables 
captain and prefect are declared with 
data type aS struct student. Every time 
avariable is declared of type student, the Memory allocation for two variables of type struct student 
keyword struct is to be used along with the type name. 

We can overcome this requirement by using the typedef keyword to define the structure type data using a 


gven type-defined name. For example consider the student: type structure defined in the previous page. We 
had to write the following to declare the variables captain and prefect of type struct student: 


1) struct student 

2 { char name [20]; 

3 char gender; 

4 int clas; 

5 (> char section; 

6 pa: puexby 

7\ struct student captain, prefect; Se ats ei ioe 

However, using the typedef keyword, we can do the same thing as shown below, but without using the 
struct keyword while declaring the variables. The user defined word STUDENT is used to represent the 
definition of the structure. Thus instead of writing struct student captain etc. we can simply write 
STUDENT captain etc. as shown below: 


This whole definition is 
represented by the type 
defined name STUDENT. 


| Variables captain and 
prefect of type STUDENT 
are declared. 


STUDENT captain, prefect. 


'n the above code the type defined name STUDENT Is used to represent the data type struct student. By 
Convension a typedefined name is written In all capitals (remember in C student and STUDENT are treated 


3 different identifier names). 
a 
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" oF etn Sate 2 
Once a structure has been defined and variables of the same type have been declared ts nates a . 
access the different structure members to input data and subsequently to read or A Bite vvartable ala 
stored in the different structure variables. Data can be input either by initialising the s with 
some initial values or by entering the data during runtime. 


° Initialising a structure: 
Initialising a structure is similar to initialising an array. The data is put inside curly braces separated by 
commas. The following example initialises a student type structure as defined earlier: 

EE ae Se tse ke a a 10 Bs 15 08 1992); 
gender class section day month year 


An individual structure member can be initialised separately also. This operation can be achieved by 
using the ‘dot’ i.e. '.’ operator. The following statement assigns initial value of 10 and ‘B’ to the clas and 
section members of the variable captain using the dot operator. The general format for the dot operator 


is Variable_Name . Member_Name as shown below: 


jie e 
data type variable name 


captain.clas = 10; 
captain.section = ‘B’; 
The variable or object name captain followed by a dot and then by the member name clas refers to that 
particular member of the object. Note that the member section being a char type variable, the value ‘B’ is 
put within single quotes. 
However, to access the sub-member of a structure which is itself a structure, like the date type variable, one 
has to repeatedly use the ‘dot’ operator. Thus to assign values to different members of the struct. 
date type data DoB inside the struct student type variable captain, one has to write: 


captain. DOB.day = 15; (NOT student.date.day = 15;) 
captain.DOB.month = 09; (NOT student.date.month = 09;) 
captain.DOB.year = 1992; (NOT student.date.year = 1992;) 


Thus the format is: 
| captain . DOB . year = —— 
N ene - = 


variable of type struct student variable of type struct date variable of type int 


e Copying a structure / structure members: 


Similar to assigning a particular value to a member of a structure, one can also assign the value in a member 
of one structure to another member of another structure. In the example shown below, we are 
copying member by member the contents of the student type structure variable captain, which we have 
already initialised earlier, to another student type structure variable called ClassMonitor: 


struct student ClassMonitor; 
ClassMonitor.name = captain.name; 
ClassMonitor.clas = captain.clas; 
ClassMonitor.section = captain.section; 
ClassMonitor,gender = captain.gender; 
ClassMonitor.DOB.day = captain.DOB.day; 
ClassMonitor.DOB.month = captain.DOB.month; 
ClassMonitor.DOB.year = captain.DOB.year; 


In the first line we have declared the struct student type variable CLlassMonitor. After execution of the 
above statements, the value in each member of the captain variable will be copied to each corresponding 
member of the ClassMonitor variable. 

However unlike an array, a whole structure variable can be assigned to another structure variable. 


The value stored in each member of one of the structure variables will be automatically assigned to the 
corresponding members of the other structure variable. But in this case the two structures should be of 
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ite nti equating the whole structure 
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ie yonitor = captain; 
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'Y using the assignment statement as shown 
nother structure variable: 


entering values into a structure during runtime: 


folowing program exhibits how one can enter the d; 
renique asa normal variable. The Program defines a 
a contains an ‘x’ component and a y component. 
“4 calculates the distance between those points, 
143: To find 
penon seni’ the distance between two points using structure type data*/ | 
| #inelude<math .h> 
| struct point 
5 {int xP 
6 int yi 


fata into a structure at runtime using the same 
Structure type data called point, where each point type 
The program then enters data for two different points 


7h 
¢ void main() 

i {struct point pl, p2; 
float distance; 


ete (pt.x, pty) 

p printf ("\nEnter x coordinate of Pointl: ~); scanf(“td", &pl.x); 

43. print£("\nEnter y coordinate of Pointl: ); scanf(“td”, &pl.y); 

4 printf("\nEnter x coordinate of point2: "Yi scanf(™td”, 6p2.x); 

1§ print€("\nEnter y coordinate of point2: ”); scanf("td”, &p2.y); 

16 temp = pow((pl.x% ~ p2.x),2) + Pow((pl.y - p2.y) ,2); 

y7 distance = sqrt (temp) ; 

18 peint£("\nThe distance between the two Points is %£”, distance) ; 

¥ (p2.x, p2.y) 
Output: 


Enter x coordinate of pointi: 
Enter y coordinate of point1: 
Enter x coordinate of point2: 15 
Enter y coordinate of point2: 3 


Tie distance between the two points is 7:141428 


5 
10 


Wee AIRES a 2 EN 


inines-4 to 7, the struct point type data is defined to have two members x and y of type int. In line-9 
w struct point type variables namely p1 and p2 are declared, The values of the x and y components of 
plare entered in lines-12 and 13, while the values of the x and components of p2 are entered in lines-14 
and 15 respectively. In line-16, the value (p1.x 2.x)? —(pl-y - p2.y)? is calculated using the pow() 
function and the value stored in the variable temp. Finally in line-17, the distance is calculated by taking the 
Square root of temp and the result printed in line-18, 


15, 


of Structures 


Just as arrays of any particular data type can be declared, one can also declare arrays that contain objects of 
® Particular structure type variable. The following declaration, declares an array variable called store, 
‘ontaining 20 elements of structure type item as defined below, The structure item has two components — 
item code member ItemCode which is a 4 byte string and stores the code of a Particular item in the store 
‘nd a quantity member Qty which stores the total quantity of that particular item available in the store, 

item y 
{char Ttemcode [4] ; 
int oty; 


| | variable using the 


ee a 


wm 


Entering values 
into a structure 
during run-time 


|A structure type 
‘variable can be 

| | to another 
structure type 


assignment 
operator, 


_e 


| The individual 
structure 
members are 

| input separately 
to input data into 
4 structure type 
variable, 


a 


Array of 
structures 
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| The diagram on the right shows how the array elements are stored in memory for 
the array store {20}, each element of which is a structure of type item. It can 
| be seen that the members of each structure data are stored in consecutive 
memory locations for each of the array elements, Moreover the array elements 
themselves are also stored in consecutive memory locations ie. store[0] is 
| stored in location 1001 to 1006, store[1] is stored in location 1007 to 1012 etc. 


The example given below illustrates how to enter array elements for the structure 
array store[] and then display the stored data. 


1 /*Program-144: Store Items using structure type data array*/ 
2 Hinclude<stdio.n> 
3 struct item 
4 {char TkemCode[4] ; 
5 int Qty; 
6 yi 

7 void main() 

8 {struct item store[20]; 

9 . anecdy 

10 for(i=0; i<20; i++) 

il {print£("\nEnter Item Code-td (3 letter code): ", i); 

R gets (store[i] . ItemCode) ; 

13 print£("\nEnter the quantity of the Item Code-#d: ", i); 
14 scanf("td”, gstore[i] Qty); 

| 15 ) 

16 for(i=0; i<20; i++) 


| 18) 


Output: 
Enter Item Code-0 (3 letter code): T12 
Enter the quantity of the Item Code-0: 27 
Enter Item Code-1 (3 letter code): T15 
Enter the quantity of the Item Code-0; 19 
Enter Item Code-19 (3 letter code): T45 

| Enter the quantity of the Item Code-0: 11 

Item Code-T12, Quantity = 27 

Item Code-T15, Quantity = 19 


Item Code-745, Quantity = 11 
The meaning of the statements in lines-12 and 14 are given below: 
store[i] .TtemCode 


—— 


Array element i Structure member TtemCode for that array element i 


store[i] .Qty 
Qa 
Array element i Structure member Qty for that array element i 


| Therefore the statement store[3] .ItemCode indicates the Item Code of the 
| array element 3. Note that in line-12, the gets () function is used to enter string 
| value of the Item Code and hence the ‘«’ is not used, while in line-14 since the 
| data entered is an integer, the ‘«’ is used with store[i] .Qty. 
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store [0] 


store [1] 


store [19] 


7 printf ("\nItem Code-$s, Quantity=4d", store[i].ItemCode, store[i] 


store [0] 


store [1] 


store [19] 


ItemGode’ “Qty _ItemCode 


oy 


ItemCode 


Qty 
pa 


Qty): 


ItemCode 


ItemCode. Qty _ItemCode! 


aX 


es 


1339 


ty 
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e of computer Science 
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jos structure type data: 
rik 


‘ array, one can yy 


declare a matri 
al X Consisti 
of called COLOUR that stores the de of structure members, The following example declares. 20 array of 
3 he Y) position of a pixel is given by the mtd of a CRT monitor screen pixel as a matrix, | structure type 
ie act COLOUR HORI and VERT: data 


int huey 
jnt saturation; 


jnt luminosity ; 
pixel [HORT] [VERT] ; 


) 
structure containing arrays: 
' ay 


that the assignmer 
wen i "amperes separa We con aed to copy an entire structure variable without the need | Structure with 
eel inside a structure as shown below: iS property of a structure to copy a string or array | arrays 


aprogram-145: Using a structure with EES 
Tinetudecstdio. > es 


geruct axxaY 
qint axe [5] 17 
oid main () 
{steuct array %, Yi 
int i7 
for(i=0; i<5; i++) 
{printf ("\nEnter value[%d] in x: ”, i); 
jo soane("RA", Gx. arr (i) ; 


wd 

ny os 

gp for (i=07 i<5; i++) 

4 printf("\ntd in y", y.arr[i]); 
Bb) 


Output: 
{Enter value[0] in x: 
\gnter value[1] in x: 
‘goter value[2] in x: 
‘Enter value[3] in x: 
Eater value[4] in x: 
‘4iny 


4 
6 
9 
4 
1 


The structure array is defined in lines-3 and 4. It contains a single integer array type component arr [5]. 
Two struct array type data x and y are declared in line-6. The for loop of line-8 is used to input values 
inthe variable x. The scan£() function of line-8 is used to input the array element using the variable x and 
the dot operator to access the array component arr [i]. 


Inline-12 the structure variable x is copied to the structure variable y. In doing so, the content of the entire 
amay in x gets automatically copied to the array component of the structure variable y. When the for loop of 
lne-3 prints the content of the array in the variable y, the same values as stored In x get displayed as seen 
inthe output shown above. 
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Passing Structures | a 


a Just like a normal variable, we can pass an entire 
A structure can structure or members of a structure to a function 
using the normal call by value method. 


be passed 
mernver wee es The following example uses the structures called 
i struct point to denote the pair of (x, y) co- 


erather Conction ordinates of any point and finds the co-ordinates 
of the middle point mpoint of a line segment 
whose ends are represented by the two points 
fpoint and spoint: 


point of two points*/ 


/*Program-146: Passing Structures to Functions - To find Mid-! 


oe 
2 #include<stdio.h> 
Program to pass A 
astructuretoa | 7 Struct point 
function | # (float x; 
5 float y; }? 
6 struct point MakePoint( float a, float b ); 
7 struct point MidPoint( struct point pl, struct point p2 ); 
8 void main() 
9 {struct point fpoint, spoint, mpoint; 
10 float x1, yl; 
11 print£("\nEnter the x co-ordinate of pointl: "); scanf ("S£", 6x1) 7 
12 print£("\nEnter the y co-ordinate of pointl: "); scant ("$£", yl); 
13° point = MakePoint(x1, y1); 
14 printf ("\nEnter the x co-ordinate of point2: "); scanf("#£", &x1); 
15 print£("\nEnter the y co-ordinate of point2: "); soanf("%£", 6y1); 
16  spoint = MakePoint (x1, yl); 
17 mpoint = MidPoint( fpoint, spoint ); 
18 print£("\nThe x co-ordinate of the mid point = %.2£", mpoint.x : 
19 print£("\nThe y co-ordinate of the mid point = %.2£", mpoint.y )7 
2 } 


21 struct point MakePoint( float a, float b ) 


22 {struct point temp; 
(fpoint.x,, fpoint.y) 


23° temp.x = a; 
4 temp.y = b; 
25 return temp; @. 
(26 4 Sy 
‘,, (mpoint.x , mpoint.y) 
27 struct point MidPoint( struct point pl, struct point p2) ® z 
| 28 {struct point temp; nite 
29° temp.x = (pl.x + p2.x)/2.0; Ny se 
| 30  temp.y = (pl.y + p2.y)/2.0; fo} e 
| 31 return temp; ; 
RY (spoint.x , spoint.y) 
| 
Output: 


Enter the x co-ordinate of pointl: 5.6 
Enter the y co-ordinate of pointl: 2.2 
Enter the x co-ordinate of point2: 3.6 
“Enter the y co-ordinate of point2: 7,4 
“The x co-ordinate of the mid point = 

The y co-ordinate of the mid point 
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wi” posal 
vogram uses a structure data type 
Pe that the structure is defineg Outside tie 
ue bl le type and can be accessed by all th 


nd Unions in C 


ed point, which stores the x and y co-ordinates of 8 
™ain() function from line-3 to 5, so that it becomes 2 
functions, 

are declared of 
Nents of the 
» The function mak 


, spoint, 


t: i fpoint, 
type struct point, called fp fend 12 


first point are input by the user in lines~ 


urn i i 4 
a Pesigned 10 fpoint in the main () fun Fonte function thus returns a struct. point type dates 
is 


Point are again entered within the variables x1 and yi and 


ine! i : led to make the it which is returned by 
in ton and stored in the variable spoint fiiming, second point type data 


int. i ag 
if rardna biter Point in lines-29 and 30. Within the function header, the formal arguments p1 
of type $ Point are used to receive the actual arguments fpoint and spoint. The 


a to be received by the variable mpoint in main(), 


the x and y components of mpoint are dig 


9 respectively. played in main() as mpoint.x and mpoint.y in lines 


inal 
ypand | 


: The function aidPoint () accepts two struct point type data and hence the variables p1 and p2 
yetaken as struct point type variables. The function also returns a struct point type data i.e. temp 
ant ence the return data type of the function is also taken as struct point. 


4 union is another user defined 

posite data type similar to a | union unit 

re and defined using the { Sne ea? 

feyword union, However the major float inch; General 
iiference between a union and a char str[4];, Somat 
ructure is that unlike the members of |} ; 2 
3 structure which occupy different 
storage locations, all the members 
ofaunion share the same storage area within the memory. Thus it can handle only one member at a 
time and é basically used to conserve memory. The syntax of a union is similar to that of a structure and 
isshown below: 


union unit < Memory Location 
Hessce ix, ae 
char str[4]; € float inch , 4 bytes 

) Tshirt; «int cm , 2bytes 


The above definition defines a union with the template or tag name as unit. The members include an int. 
type variable called cm, a float variable called inch and a string array type variable called str[4]. The 
union unit is used to describe a garment size in different units. 


Next a variable called Tshirt of type union unit Is declared. We can see from the adjacent diagram that 
the member variables of union unit are of different data types. Hence the compiler allocates enough 
Space to hold the largest member of the union. In this case, it is the £Loat member called inch or the 
Sting member called stx [4] which occupies 4 bytes and hence the maximum space allotted is 4 bytes, All 
the three members share the same memory location starting from 2001 to 2004. However the integer 
‘equires only two bytes. Hence when the Integer data is stored, the other two bytes remain unused. 


ithin the function and returned as a struct point type 


& 


Defining a union 
type data 


where all the 
union members 

‘occupy the same 
memory location. 
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ig used as shown below: 
To access a union member the same syntax as used to access a structure member is us 


Tshirt.cm « to input value 40 
Tshirt.inch ¢ to input value 15.25 
Tshirt.str ¢ to input value “XXL” 


The above three statements assign different values to the different member variables. Lecen esralal 
values corresponding to a shirt size of 40cm are assigned to the different members. ons pally he any 
given time only one of the member variables of a union can be active, one cannot aces cture and a ion 
member variable at any instance of time, This is the major difference between 2 str inbe Thus 5 the 
One can initialise all structure members, but one can access only a single union me hea 
following set of statements will produce garbage values, 


print£("\nEnter shirt size in cm: "); 
scanf(“td”, &Tshirt.cm) ; 
if(Tshirt.cm == 40) 
Tshirt.inch = 15.75; 
printf ("\nEntered shirt size = $d”, Tshirt.cm); 


In the above program piece, the value is input into the member variable Tshirt.cm. Next, in case the if 
statement is true the Tshirt.inch member is assigned the value 15.75. This automatically erases the 
value of 40 from the shared memory location for Tshirt.em. Hence when in the last statement Tshirt.cm 
is to be printed, it will print some garbage value as no value exists for Tshirt. cm at that instant. 


The next program shows the use of the above union type data. 


4 /*Program-147: Using union type data*/ 
2 Hinclude<stdio.h> 
3 union unit 
) 4 ( dnt om; 
5 float inch; 
6 char str[4]; 
7 aay 
| 8 void main() 
9 {union unit Tshirt; 
10 int option; 
di print£("\nEnter <1> for cm <2> for inch <3> for size: "); scanf("%d", Soption) ; 


12. if (option==1) 


13 { printé("\nEnter the shirt size in cm.: "); 
14 scan€("d", &Tshirt.cm) ; 

Is i) 

16 else if (option==2) 

7 { printf ("\nEnter the shirt size in inch.: "); 

18 scanf("%£", &Tshirt. inch) ; 

19 } 

20 else if (option—=3) 

a { print£("\nEnter the shirt size as 'S’, 'M’, ‘L’, ‘KL’, ‘XXL: "); 
22 £flush (stdin) ; 

23 gets (Tshirt. str) ; 

24 } 

25° else 

26 print£("\nYou have not entered a valid choice...”) ; 


27. ‘if (option==1) print#("\nThe entered Tshirt size is td cm”, Tshirt.cm); 
28 if (option==2) print#("\nThe entered Tshirt size is ¢.2£ inch”, Tshirt. inch) ; 
29 if (option==3) printf£("\nThe entered Tshirt size is ¢s”, Tshirt.str) ; 


a i i ee 
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ut: 

it er for cm <2> for inch <35 
peter ene shirt size as ‘si, iy, 
sote™ yored Tshirt size is yx, ' 
gne 


called unit is defined in fine- 

4¢ 0 ain ots the ie, ne 3 to 7. In tine-11 the option to input the size is displayed. The 
ost of line-16, 20, oF 25 get executed N the choice the i statement of line-12 or the else 

cae ncn the £ELush (stdin) statement i Une Input taken accordingly Note that before Using . 
“ to clear the input buffer. 


pnions a8 members of other user defined data ty; 
i pes: 
structures, one can have unio 


ca 
re rture members. The following 


is ticular garment in a gi 
este of 2 PAT 9 ina given unit, 
on unit 
{ int omy 
gloat inch; 
char str[4]; 
ye 
stroct clothes 
{char manufacturer [20]; 
float cost; 
vnion unit size; 


uni 


i 
struct clothes Shirt, Tshirt; 
3, nih Ae pat 
qhe variables Shirt and Tshirt are declared to be of truct clothes. To access the size 
member of the Tshirt variable for example, one can write fecal yeu 


qshirt.size.inch = 15.25 


45.6 Some worked out problems 


The next program declares a book type structure to store the name, author, edition, and price of a book and 
avarable b of type struct book. The values within the book members are then entered using the input 
functions gets () and scané (). Finally the whole data is displayed using a print£() statement. 

1 /*Program-148: To store the details of a book in a structure*/ 

2 Hinclude<stdio.h> 

3 ‘struct book 

4 {char name[20] ; 


5 char author [20]; 
6 ant ed; 

7 float price; 

§ 4; 

9 void main() 


10 {struct book bl, b2; 

1 printe("\nEnter name of bookl: ”) 
2” t£lush(stdin) ; gets (b1.name) ; 

43 printt("\nenter author of bookl: ")i 
4 $£iushistdin); gets (b1,author) ; 


* 


A type 
pd be used 
as a component 
for another , 
structure or union 
definition. 


ay 


Structure with 
nested Union 
type data 


a 


Worked out 
problems 
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15 print£("\nEnter edition of bookl: ”); 

16 scanf("4d", &b1.ed) ; 

17 print£("\nEnter price of bookl; ”); 

18 scanf("&£", &b1.price) ; 

19  print€("\nEnter name of book2: ”); 

20° €flush(stdin); gets (b2.name) ; 

21 print£("\nEnter author of book2: ”); 

22 fflush(stdin) ; gets(b2.author) ; 

23 print£("\nEnter edition of book2: "); 

24° ~— scanf("td", &b2.ed) ; 

25 print£(“\nEnter price of book2: ”); 

26 = scanf(“Af”, &b2.price); 

27° 4 (bl.price > b2.price) 

28 print£("\nBook ‘ts’ by ‘ts’ is having higher price”, bl.name, b1.author) 
29° else 

30 printf ("\nBook ‘ts’ by ‘ts’ is having higher price”, b2,name, b2.author) ; 
31 return 0; 

32) 

Output: 


Enter name of bookl; Professor Shonku Collection 
Enter author of bookl: Satyajit Ray 

Enter edition of bookl: 3 

Enter price of book: 450.00 

Enter name of book2: Two Cities 

Enter author of book2: 
Enter edition of book2: 1 
Enter price of book2: 300.00 

Book ‘Professor Shonku Collection’ by 


he 


‘Satyajit Ray! is having’ higher price | 


Note that the gets () function is used to enter the strings b1. name and b1. author while scan€ () can be 
used for entering the edition bi.ed and price b1.price etc. Also the ££1ush (stdin) function is used 


before each gets () statement to clear the input buffer, 


The next program is used to define a structure to store the item code and quantity of different items in stock 
in a store and to find the item with the maximum quantity. 


BEBNAWAWNK 


15 


a 
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/*Program-149: Stores Items and Finds Maximum quantity in store*/ 
#include<stdio.h> 
typedef struct item 
{char ItemCode[4] ; 
int Qty; 
) ITEM; 
dnt main() 
{ITEM store(20]; int i, index, max; 
for(i=0; i<20; it+) 
(printf ("\nEnter Item Code-td (3 letter code): ", i); 
fflush(stdin) ; gets (store [i] .TtemCode) ; 
print£("\nEnter the quantity of the Item Code-td: ”, i); 
scanf(“td”, &store[i] .Qty); 
) 
max = store[0) .Qty; 
for(4=0; 1<20; itt) 
{1£(store(i] .Qty > max) 
{max = store[i] .Qty; 
Andex = 1; 


F of Computer Science 
Td 
a 


~\nItem Code ~ 
pee * had the maxtnun quantity” 
Tr gqtun 07 ty", store[index] ., TtemCode) ; 
g 
ai 
: rogram is used to enter the 


| 
item i 
Mae ie item code with the highest quantity 9 Has ‘a and quantity of a list of 20 items. In addition to that It 


MS in store, using the for loop from line 16 to 21. 


ene 


data. 


pynctudecstaio. wh> Ye data to store strings*/ 
¢ struct string 
“ear ste (80) 
) STRING; 
int main() 
{STRING names [100] ; 
gnt 4,7 
printé("\nBnter number of names to store; »), 
pean (EA, 61); ; 
for (ie; ins i++) 
ipeint€(*\nknter name(td): *, 4), 
g fflush (stdin) ; gets (names[i) str) ; 


no) 

yy for (407 isn; i++) 

6 {if (names [i] .str[0] == \g/) 

y printf("\nts”, names[i}.str) ; 
ut 

4g) return 0; 

ny 

output 


Enter number of names to ptore: 5 
‘Enter name[0]: Sujoy a 
" ‘Enter name[1]: Debesh 

+ Avik 

; Sayantan 

? Dai jata 


iN AE erly 


In the above program an array of STRING type data called names is are in ine The names are 


entered using the fox loop of line-11, The fox loop of line-15 then checks whether the starting letter of a 
name is ‘S’ or not using the i statement of line-16. If so, it prints the name in line-17. 


‘The next program uses the STRING type structure defined in the previous program to exchange two strings. 
1 /*Program-151: To exchange two string type data*/ 
2 fineludecstdio.h> 

J typedef struct string 

4 {char str[80];} STRING; 

§ int main() 

6 {STRING nameA, nameB, temp; 

7? printf ("\nEnter first name: ”); 

§  f£lush(stdin); gets (nameA, str) ; 

9 print£(*\nEnter second name: "); 

10 €£1ush (stdin) ; gets(nameB. str) ; 
Print£("\nThe entered strings 
temp = nameA; 


: $s and 4s”, nameA.str, nameB. str) ; 
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13 nameA = nameB; 
14 nameB = temp; 


16 return 0; 
We 


Output: 
Enter first name: Sachin 
Enter second name: 
The entered strings a: 
The exchanged strings 


In the above program we have used the same structure defined in th 
and temp are declared in line-6. The names are ente! ; 
ameA and nameB. The code in lines- 


third sTRING type data temp just like 
ianged strings are printed in line-15. 


nameA, nameB, 
11 prints the strings as entered in the variable ni 
exchange the content of the two strings using a 
and without using strepy () function. The exch: 


er 


| 15  print£("\nThe exchanged strings are: $s and 


jachin and Sourav 
+) Sourav and Sachin 


fe”, namen.ste, nameB. Str) / 


e last program. Three STRING type data 


red in lines-8 and 10 respectively. Line- 
12 to 14 are then used to 


normal numeric values 


Difference between Array and Structure type data 


Difference | Array “Structure _ 
between Any and 1. Can contain data of same data type only 1. Can contain different types of data 
Structure |) No reserved keyword is used to declare an array | 2. The struct keyword is used to define a structure 
3. Can be initialised during declaration and later 


3. Can be initialised only during declaration as 
int arr[4]={6,8,3,7}; 


also 


4. Anarray cannot be directly copied into another 
array using the assignment operator 


. A structure type variable can be copied to 


another variable using the assignment operator 


5. Ifa single element of a numeric array Is 
initialised, the remaining array elements get 
automatically initialised to 0 (zero) 


Members of a structure type variable does not 


get initialised automatically based on the value 
of some other data members 


6. An array arr can be declared as: int arr{10]; 


. structure type data can be defined as: 


struct point {int x) Yiti 


em | Differ 


Difference | Structure 


between Structure || 1, The keyword struct is used to define a structure 


. The keyword union is used to define a union 


and Union 


2. The total memory occupied by a structure type 
data is equal to the sum of the memory 
requirement of the individual components 


. The total memory requirement is equal to the 


memory requirement of the largest component 
of the union 


3. All the members of a structure remain active 
and can be used together 


. Only one member of a union is active at a time 


and can be used at a given time 


| | 4. Example: struct point {int x, y;}) 


. Example: union size { int cm; float inch }; 


| The following examples demonstrate the areas where mistakes can occur. 
The next program is used to find whether a point is inside, outside or on a circle using a point type structure: 
1 /*Program-152: To find the position of a point in a circle*/ 


2 #include<stdio.h> 
3 struct point 
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7 yoid main() 
ct point pl; 
bint 1x, pty) 
; tong int radius, sq; 
yp peintt (*\nBnter x coordinate of the Point: ”); 


scanf(“#d”, &point,x) ; 


12 peint£(*\nEnter y coordinate of the point, 


scanf(“td”, Spoint.y) ; Me 


intf("\nEnter the radi 
4 printé( Hus of the circle yi 
f sean (tbla?, ‘ataalS6 © with centre at 0,0: ”); 


art point.x * point.x + Point.y * Point.y; 
17 i€(sq > radiustradius) oe 
4g printf ("\nPoint is outside the circle”); 


jo else if (sq < radius*radius) | 
0 printf ("\nPoint is inside the circle”); | 


a if (sq = radius*radius) 
2 print€("\nPoint is on the circle”); 
BY 


when the program is compiled it will not compile and the following error message will be displayed: 
Output 
Undefined symbol point 


‘The reason is the wrong use of the structure definition, Note that in line-3, the structure is defined with 
the tag name as point and in line-8 a variable p1 of type struct point is defined. Hence we have to use 
the variable name p1 whenever we access the structure, However in lines-11, 13 and 16 we have wrongly 
used the structure definition tag name point along with the member variable names x and y. The 
correct use will be p1.x and p1_.y instead of point.x and point.y. The rectified program is shown below: 


1 (/*Program-152a: To find'the position of a point and a citcle#/*™ 
‘include<stdio.h> 
struct point 


{int x; 


be 
‘void main() 
“{struct point pl; 
ong int radius, sq; 
10 print£("\nEnter x coordinate of the point: ”); 
Mt scant ("4d Cpl 2) XK 
12 print£("\nEnter y coordinate of the point: ”) ; 
13 scant ("4d” ipl.y) 3 
4 ES cae of the circle with centre at 0,0: “); | 
5 scant(*$1d", sradius); | 
sq = BL xiph ipl yeh y< | 
7 4€(sq > radius*redius) 
48 print€("\nPoint ie outside the circle”); 
19 | etse if (sq < radiustradius) 
2% |. -printe(\npoint is inside the circle”) | 
21 else i (aq == adius*radiue) , 
a Print£(°\nPoint, is on the cizole”)7 


2 (cca 


2 
g. 
4 
5 ant y; 
6 
7 
8 
9 
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Fle sae Eraatint 


type only Le. elther al | 


The major problem with an array is that it can store values of a single data 
elements in the array should be int or float or char etc. seraterleresjer Tale 
A structure is a group of one or more variables, usually of various types, and identified by 


forming a user defined data type 
yr the new data 

To define a structure, the keyword struct is to be used along with a specific name fo" 

Ue othe 6a f the structure. Usually the 


Each sub-variable that makes up a structure is called a member, element or field of ks 
members of a structure are logically related i.e, they represent different components or P 
particular type of object 

he member structure needs to be 


A structure itself can be a member of another structure, but t! cture 
defined prior to its use in another structure. Such a structure Is known as a nested stru 


Initialising a structure is similar to initialising an array. The data is put inside curly brackets ema A see 
To access a structure member the ‘dot’ operator (.) is used. The general format for erator 
is VariableName.MemberName fi bes 

To access the sub-member of a structure which is itself a structure, like the date type variable, one has to 
repeatedly use the ‘dot’ operator 

Unlike an array, a whole structure variable can be assigned to another 
stored in each member of one of the structure variables will be autom: 
corresponding members of the other structure variable 

Just as arrays of any particular data type can be declared, one can also declare arrays that contain objects of a 
particular structure type variable 

The members of each structure data are stored in consecutive memory locations for each of the 
array elements. Moreover the array elements themselves are also stored In consecutive memory 
locations 

Just like a normal variable, we can pass an entire structure to a function using the normal call by value method 
The keyword typedef can be used to make it easier to declare a structure type variable 
A.unlon is another user defined composite data type, similar to a structure and defined using the keyword union 
The major difference between a union and a structure is that unlike the members of a structure 
which occupy different storage locations, all the members of a union share the same storage area 
within the memory. Thus it can handle only one member at a given time and is basically used to 
conserve memory 
Like nested structures, one can have unions with union members, structures with union members and unions with 
structure members 


rameters to describe a 


structure variable, The value 
atically assigned to the 


ant i) 


ii) 


ili) 


iv) 


”) 
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Qi. Multiple Choice Questions, Select from any one of the four options. Leach 


All members of a structure type data: 


a. are of the same data type b. can be of same data type 

c. are of different data types d. must be of same data type 
Which operator is used to access the members of a structure? 

a. star b. colon c, dot d. hyphen 
Members of a structure: 


a. always occupy consecutive memory locations 

b, may not occupy consecutive memory locations 

c. sometimes occupy consecutive memory locations 

d. never occupy consecutive memory locations - 


How many bytes are required to store a structure variable that can store a name up to a maximum 
of 20 alphabets in size and an address that can be up to a maximum of 60 alphabets in size. 


a. 80 bytes b. 81 bytes c, 82 bytes d, 83 bytes 


What will be the byte requirement for a structure type data that stores a character array of 10 
characters, two float type data, and a long double type data, 
a. 4 bytes b. 8 bytes c. 10 bytes d. 28 bytes 
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aut 


what will be the byte requirement for 
characters, wo float type data, and a lon 
a, 28 bytes b. 4 bytes 


@ union type data that stores a character array of 10 
19 double type data. 
©. 10 bytes d. 8 bytes 
What is the output of the following Program piece in C? 
struct {int x, y; float z;} a={10, 5, 2.5}, b : 
p.xqay; D=a, 
printf("\n%d", 2*(b.x — b.y)/b.2); 
a0 b.2 


) 
vi 


vil) 


a4 4.6 

what is the output of the following Program piece in C? 

struct point {int x, y;} arts)=(1,2,3,4}: 

void main( ) | 
{ printf("\n%d,%d”", arr[2)); } 


ad2 b. 2,2 aid d.0,0 
gy. short Answer type questions: leach 
i) What do you mean by a structure? 

ji) What is the use of a structure type data? 

ii) What do you mean by a structure tag name? 

) What is the use of the dot operator in a structure? 

y) Define a structure with an array member called list{] containing 100 floating point values. | 
vi) _ State one use of the keyword ‘typedef’ | 
vi) What is the purpose of using a union type data? 

vii) State one difference between a structure and a union type data. 
ix) What do you mean by a nested structure? | 
x) What do you mean by the phrase ‘an array of structures’? 


QB. Long Answer type questions: 7each 


)) State any two methods of declaring structure type variables of a given structure definition. Show 
how you can access a structure member in a program. State two differences between a structure | 
and an array. What is the difference between a function defined outside the main function and a 
function defined within the main function? 2424241 


i) Explain with the help of a proper example what you mean by a nested structure. Initialise the 
components of a variable w of a structure type data struct weight { int Kg; int gm; int mg; }; with | 
the values Kg=10, gm=25, mg=11. What do you mean by an array of structures? 44241 

i) Define a structure and declare two variables to store the radius, height, and density of a solid cone | 
type data. What Is a union? What is the use of the typedef” keyword with respect to a structure | 


vill) 


type data? 44241 
@. Assignment Programs: 
|) Create a structure called struct student to specify data of students as given below: 4 


[ID, Name, Class, Sec, JoinYear] a) 
Assuming there are not more than 100 students in the school. Write a program in C to input 
the student data for n such students. Next print the data of a student whose ID Is entered. [Hint: 
Use an array of 100 structure elements] | 


il) With reference to the previous problem print the names of all students who joined in a particular 
year. The required joining year is Input by the user. 4 


iil) With reference to the previous problem write a function called Find( ) to print the names of all 
students who joined in a particular year. The required joining year Is input by the user and passed 
to the function Find( ) as an argument. 4 


'v) Create a structure called struct box that stores the length, breadth, and helght of a rectangular 


459 P1-15-17 


Part 1; Chapter 15 


vy) 


vi) 


vii) 


vill) 


ix) 
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type data and returns the 

Jare two box type objects 

ts. The larger volume returned by 
4 


box type data. Write a function called volMax( ) that receives two box 
volume of the box with the larger volume. Within the main function dec! 
and call the above defined function with these as the argumen| 


the function is printed in the main function. 

Create a structure called struct cone with radius and height of 

main, declare an array to store 10 such cone type data. Enter parameters for be a cone type 

data. Next scan the array and print the parameters of the cone with the largest vo! z 

Create a structure called struct bank to specify da pels oa be 

stored is ‘AccNo’, ‘Name’, and ‘Balance’. Assume a maximum of 100 customers in 2 - ink. Write a 

function called transaction( ) for withdrawal and deposit of amount in an account, e customer 
form: Account no., Amount, and 'L for deposit and 


request for withdrawal or deposit is given in the e a 
account is below Rs. 1000/- the function prints 
d the updated current 


F the cone as components. Within 


ta of customers in a 


‘0’ for withdrawal. If existing balance in the 

“Balance is insufficient for specific withdrawal”, else it will show the name ant 

balance of the customer after the transaction. 4 
inates of a Cartesian point. 


Define a structure called struct point that stores the (x,y) co-ordi f 
which are fully located in the 
4 


Create an array to store 10 such point type data. Next print the points 


second quadrant by reading the points from the array. 
‘old the 2 components (m i.e. slope and c i.e, 


Define a structure data type called struct line to hi 
the y intercept) of a line. Define a structure data type called struct point to hold the 2 
components (x and y) of a point. Input the components for 2 line type variables L1 and L2, and 
find the point of intersection of the lines. Store the point of intersection in a point type data and 
display the result. 6 
Define a structure data type called struct vector to hold the 3 components (x, y, 2) of a vector. 
Input the components for 2 such vector type variables v1 and v2, and calculate the vector product 
function called VecProduct( ). The function returns the product 
6 


(cross product) of those using a 
vector. Use another struct vector type variable called v3 to store the returned result. 


[A vector ¥, is defined as #=(/-x+j-y+h-z), where x, y, 7 are the magnitudes of the three 
£ are unit vectors in three orthogonal directions. The vector product 


Va= (f-x,+j-y; +k-z,) of vectors: 


w= (fox, + fey, +h-z,) and 
v= (Fx, ++), +h-z,) is defined as vs = v1 x V2, where: 


Me = yiZ2— Zio, Ws = ZX — Xizz, Zs = XiY2— Vix2] 
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List of Programs in the Book 
Programming in C: General Concepts 


Program-01: To find Area of a Circle 8-4 
program-O1a: Using constant in a program 8-10 
Program-01b: Using const keyword in a program 8-10 


Input / Output and Simple Calculations in C 
Program-02: Use of scanf() function 


9-4 

Program-03: Use of extra characters within scanf() control string 9-5 

Program-04 To display the use of different format specifiers 9-6 

Program-05 To display the ASCII value of a character 9-7 

Program-06 To display the use of the %s specifier 9-8 

Program-07 To display the use of the %o and %x specifiers 9-8 

Program-08: Use of getchar() function 9-12 

Program-09: Use of gets() function 9-13 

Program-10: To find number divisible by 5 9-15 

Program-11: — Inch to cm conversion 9-19 

Program-12; To find circumference, area of a circle of radius r 9-19 

Program-13: To find surface area and volume of a sphere of radius r 9-20 

Program-14; To Find the Byte Length of different Data Types 9-20 

Program-15: To find total hour, minute, second in a given number of seconds 9-20 

Program-16: To exchange two values using third variable 921 
Decision Making and Branching in C 

To calculate different discounts using if-else 10-2 

Use of only if statement. 10-3 

To check if even or odd number with single statement under if and else 10-4 

Use of multiple single if statements 10-4 

Use of nested if-else statement 10-5 

Use of nested if-else statement 10-6 

Use of multiple if-else nesting 10-7 

Program-23a: Use of if-else ladder structure 10-8 

Program-24: Use of conditions without relational operators 10-9 

Program-25: Checking multiple options without using logical OR operator 10-10 

Program-25a: Use of logical OR operator 10-11 

Program-26: Checking multiple options together without using logical AND operator 10-11 

Program-26a: Checking multiple options together using logical AND operator 10-12 

Program-27: To test multiple of 4 or 5 using logical OR 10-12 

Program-28; — To show use of logical NOT operator 10-13 

Program-29: To print remarks based on marks using if-else ladder 10-14 

Program-29a; To print remarks based on marks using AND operator 10-14 

Program-30; To show the use of combined logical operators 10-15 

: To find the greater of two numbers using conditional operator 10-16, 

To display the greater of two numbers using conditional operator 10-17 

To calculate different discounts using conditional operator 10-18 

Conditional operator on the left side of assignment operator 10-18 

Simple Calculator using switch-case 10-20 

To check if 3 numbers are Pythagorean 10-22 

To check if 3 line segments can form a triangle or not 10-22 

To check if year is a leap year or not 10-23 

To find the location of a Cartesian point 10-24 

Prograrn-40: Calculating different area values using switch-case 10-25 
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Using Loops in C 


Program-41: 
Program-41a: 
Program-41b: 
Program-42: 
Program-43: 
Program-44: 
Program-45; 
Program-46: 
Program-47: 
Program-48; 
Program-49; 
Program-50: 
Program-51: 
Program-52: 
Program-53: 
Program-54: 
Program-55: 
Program-56: 
Program-57; 
Program-58:; 
Program-59: 
Program-60: 
Program-61: 
Program-62: 
Program-63: 
Program-64: 
Program-64a: 
Program-65: 
Program-66: 


To find average of three numbers 

Pseudocode to find average of three numbers using loop 
To find average of three numbers using while loop 

Use of while loop to print from 1 to 5 

To find the factorial of a number 

To find the power of a number using a while loop 

Getting the sum of the digits of a number 

Repeating a program 

Use of nested while loops to print pattern 

Use of break statement 

Example of continue statement 

To enter and check for a valid input using do-while loop. 
To find the HCF or GCD of two numbers using do-while loop 
To find the factorial of a number using a for loop 

To find the sum of an AP series using a for loop 

To find the value of e*x using a nested for loop 

To find the value of sin(x) using a nested for loop 

Use of comma operator in the test condition 

Reversing a number and checking if it is a palindrome 
Check if a number is a Facterone 

Centigrade to Fahrenheit conversion Table 

To print the multiples of 3 

To check whether a number is prime 

To print the Fibonacci Series up to n terms using a for loop 
To print all the alphabets using continue statement 

Using nested for loops to print pattern-1 

Using nested for loops to print pattern-2 

Using nested for loops to print pattern-3 

Beverage vending software using a do-while loop and switch-case 


Functions in C 


Program-67: 
Program-68: 
Program-69: 
Program-70: 
Program-71: 
Program-72: 
Program-73: 
Program-74; 
Program-75: 
Program-76: 
Program-77a: 
Program-77b: 
Program-78: 
Program-79: 
Program-80: 
Program-81: 
Program-B2: 
Program-83; 
Prograrn-84; 
Program-85; 
Program-86; 
Program-87; 
Program-88; 
Program-89; 


Example of a User Defined Function and Function Call 
Example of a Function Call with Function Prototype 
Example of a function returning a constant value 

Example of a function returning a calculation 

Example of a function returning a calculation 

Example of a function returning a logical value 

Example of a function returning a calculated value 
Example of a function returning a constant character 
Example of a function returning an input character 
Example of a function returning maximum amongst 2 values 
Example of a function without an explicitly declared return data type 
Example of a function with a declared return data type 
Function Call to change lower to upper character 

Function to find and display the maximum value 

To calculate the factorial of a number using recursion 

To calculate the power of a number using recursion 
Working of automatic variables 

Working of static variables 

Working of global variables 

Using external functions in a program 

Function to convert from Fahrenheit to Celsius 

Function to calculate Factorial of a number 

Calculation of nPr and nCr using factorial function 

To find the sum of the digits of a number using a function 
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12 
4 
17 
Why 
Na 
11-10 
Mell 
M2 
1143 
11-44 
11-15 
11-46 
M47 
M49 
11-26 
11-20 
122 
11-3 
11-24 
11-25 
11-26 
11-26 
1127 
11-28 
11-30 
11-30 
1131 
1131 
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program-90: 
program-91: 
program-92: 
program-93: 
program-24: 
program-95: 
program-96: 
program-97: 
program-98; 
Arrays in C 
Program-99: 
Program-100: 
program-101; 
program-102: 
program-103: 
program-104: 
Program-105: 
program-106: 
Program-107: 


Program-107a: 


Program-108: 
Program-109: 
Program-110: 
Program-111: 
Program-112: 
Program-113: 
Program-114: 
Program-115: 
Program-116: 
Program-117: 
Program-118; 
Program-119: 
Program-120: 
Program-121: 
Program-122: 


ts of Computer Science 


To check from a range of numbers, whether a number is prime or not 


To calculate the hcf/ged of two numbers using recursion 

To calculate the n-th term of the Fibonacci series using recursion 
To calculate the sum of the digits of a number using recursion 
Function call having static variable to calculate value of e 
Function call with numbers and operator 

Function call to convert from decimal to binary 

Using a function to print a double cone 

Using function to print Pascal's Triangle 


To find the average of a set of numbers using an array 
To find the standard deviation of a set of numbers using an array 
To display the sum of the rows of a square matrix 

To find the sum of the squares of numbers in an array 
Use of Address Operator 

Use of the indirection operator 

Declaring and using a Pointer 

Standard Deviation using Pointer Notation 

To reverse the contents of an array 

To find the maximum from a list of numbers in an array 
Inserting a value at k-th position 

Deleting a value at k-th position 

Selection Sort Method 

Bubble Sort Method 

Alternative Selection Sort Method 

Deleting multiple values from an array 

Searching for a value in an array using Linear Search Method 
Search using Binary Search Method 

To find the transpose of a square matrix 

Addition of two matrices 

To check if a matrix has a row with all 0’s 

To check if a matrix is an Identity Matrix 

To check if a matrix is an upper diagonal matrix 

Matrix Multiplication 

Comparing 2 arrays using pointers 


Strings in C 


Program-123: 
Program-124: 
Program-125: 
Program-126: 
Program-127: 
Program-128: 
Program-129: 
Prograrn-130: 
Program-131; 
Program-132: 
Program-133: 
Prograrn-134: 
Program-135: 
Program-136: 
Program-137: 
Program-138: 
Program-139: 
Program-140: 
Program-141: 


To find the length of a string 

To print a string using scanf() without the %s format specifier 
To count number of words in a sentence 

To calculate length of multiple strings 

To find the length of a string using strlen() function 

To exchange two strings 

Sorting a list of strings 

Joining Strings 

‘String Copy using Pointers 

String input up to specific number of characters only 

To count number of occurrences of the alphabet ‘e’ in a string 
To count number of occurrences of any alphabet in a string 
To count number of words in a sentence with multiple blanks 
To count the number of vowels in a string 

To check for a palindrome 

To convert the first character of every word to capital 

To find the occurrence of the word ‘the’ in a sentence 

To check for a given sequence of letters in a string 

To find the presence of a given word in a string 
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12-18 
12-19 
12-20 
12-20 
12-21 
12-22 
12-23 
12-23 
12-24 


13-2 

13-3 

13-6 

13-8 

13-9 
13-10 
13-11 
13-14 
13-16 
13-17 
13-17 
13-18 
13-19 
13-21 
13-23 
13-24 
13-25 
13-26 
13-28 
13-30 
13-30 
13-32 
13-33 
13-34 
13-36 


14-2 
14-3 
14-3 
14-4 
14-6 
14-6 
14-7 
14-9 
14-11 
14-12 
14-13 
14-13 
14-14 
14-14 
14-15 
14-16 
14-17 
14-18 
14-19 
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Program-142: String Length using Pointers 14-20 
Structures and Unions in C 
Program-143: To find the distance between two points using structure type data 15-5 
Program-144; Store Items using structure type data array 15-6 
Program-145; Using a structure with array component 15-7 
Program-146: Passing Structures to Functions ~ To find Mid-Point of two points 15-8 
Program-147: Using union type data 15-10 
Program-148; To store the details of a book in a structure 15-11 
Program-149: Stores Items and Finds Maximum quantity in store 15-12 
Program-150; To use a STRING type data to store strings 15-13 
Program-151: To exciange two string type data 15-13 
15-15 


Program-152a: To find the position of a point and a circle 


ACC - Accumulator 
AGP - ccelerated ed Graphics Port 
AI - Artificial Intelligence 


ALU - Arithmetic and Logic Unit 


"ASCC - Automatic Sequence Controlled Computer 
ANSI - American National Standards Institute 


‘ASCII - American Standard Code for Information Interchange | TISAE Bus - The Industry S Standard Architecture 


"BCD - Binary Coded Decimal 


EPROM - Erasable and Programmable ROM 
[EEPROM - Electrically Erasable and Programmable ROM 


J HDD — Hard Disk Drive _ 


T-cycle - Instruction Cycle 


~ VIR - Instruction Register 


(KB - Kilo Byte 


‘BD - Blu-ray Disk 


LCD = Liquid Crystal Display 


BIOS — Basic Input Output System 


LSB — Least Significant Bit 


“BPI — Bytes Per Inch 


MAR - Memory Address Register 


"CAD - Computer Aided Design 


MB - ‘Mega Byte 


“CCD - Charged Coupled Device 


(MCA Bus - Micro Channel Architecture Bus 


‘CD - Compact Disk 


ail MICR — Magnetic Ink Character Reader 


“CD-R - Recordable media CD 


"CD-R/W - Re-Writable media CD 


"MSB — Most Significant Bit 
~ | MUX — Multiplexer 


|CD-ROM - Read Only Media CD 


"OCR — Optical Character Reader 


CLI - Command Line Interface 


"OMR - Optical Mark Reader 


CMYK - Cyan, Magenta, Yellow and Black 


PDA - Personal Digital Assistant 


‘CPI - Characters Per Inch 


| PC - Program Counter 


CPU - Central Processing Unit 


PCI Bus - Peripheral Component Interconnect Bus 


| CRT - Cathode Ray Tube 


PROM - Programmable ROM 


‘CU - Control Unit 


| ‘CUI - Character User Interface 


RAM — Random Access Memory 
RDRAM - Rambus DRAM 


| 'DASD - Direct Access Storage Devices 


"RGB — Red, Green, and Blue 


‘DDR ‘SDRAM - Double Data | Rate SDRAM 


RIMM - Rambus In-line Memory Modules 


| DEMUX — Demultiplexer 
eS 


‘DIMM - Dual In-line Memory Modules 


‘DOs - Disk Operating System 


ROM — ‘Read Only Memory 


SASD - Sequential Access Storage Device 


DRAM - Dynamic RAM 


|DSDD - )= Double Sided Double Density 


"DSS - Decision ‘Support System 
DSSD - Double Sided Single Density 


DTP - Desk Top Publishing 

DVD - Digital Versatile Disk 

E-cycle - Execution Cycle 
EDO RAM - Extended Data Out RAM 


‘SDRAM - Synchronous DRAM | 
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"| SIMM - Single In-line Memory Modules — 
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Remarks 

00000000 (Null character) 01000000 

90000001 ) SOH | (Start of Header) 01000001 
02 | 90000010 | STX | (Start of Text) 01000010 
003 00000011 | ETX | (End of Text) 01000011 
04 | 00000100 | EOT } (End of Transmission) 01000100 
0s | 00000101 | ENQ | (Enquiry) 01000101 
906 | 00000110 | ACK | (Acknowledgment) 01000110 
07 | 00000111 | BEL | (Bell) 01000111 
98 | 00001000 | BS | (Backspace) 01001000 
09 | 00001001 | HT | (Horizontal Tab) 01001001 
10 | 00001010 | LF | (Line Feed) 01001010 
o11 | 00001011 VT | (Vertical Tab) 01001011 
012 | 00001100 | FF | (Form Feed) 01001100 
013 | 00001101 | CR | (Carriage Return) 01001101 
14 |.00001110 | SO | (Shift Out) 01001110 
015 | 00001211 SI | (Shift In) 01001111 
16 | 00010000 | DLE | (Data Link Escape) 01010000 
17 }00010001 | DCL |(XON) (Device Control 1) 01010001 
18 | 00010010 DC2 | (Device Control 2) 01010010 
19 }.00010011 DC3_ | (XOFF)(Device Control 3) 01010011 
020 | 00010100 | DCA | (Device Control 4) 01010100 
21 | 00010101 | NAK | (Negative Ackn.) 01010101 
022 [00010110 | SYN | (Synchronous Idle) 01010110 
023 | 00010111 | ETB (End of Trans. Block) 01010111 
024 | 00011000 | CAN | (Cancel) 01011000 
025 | 00011001 —M_ | (End of Medium) 01011001 
026 | 00011010 | SUB | (Substitute) 01011010 
027 | 00011011 | ESC | (Escape) 01011011 
028 | 00011100 FS | (File Separator) 01011100 
029 | 00011101 GS__| (Group Separator) 01011101 
030 | 00011110 RS | (Request to Send) 01011110 
031 | 00011111 US | (Unit Separator) 01011111 
032 | 00100000 SP | (Space) 01100000 
033 | 00100001 1 | (exclamation mark) 01100001 
034 | 00100010 tS (double quote) 01100010 
035 | 00100011 # | (number sign) 01100011 
036 | 00100100 $ | (dollar sign) 01100100 
037 | 00100101 % | (percent) 01100101 
038 | 00100110 & | (ampersand) 01100110 
039 |00100111 | ' | (single quote) 01100111 
040 | 00101000 (| (left/open parenthesis) 01101000 
041 | 00101001 ) | (right/closing parenthesis) 01101001 
042 |00101010 | * (asterisk) 01101010 
043 }00101011 | + {(plus) 01101011 
044 |00101100 |, | (comma) 01101100 
045 }00101101 | - |(minus or dash) 01101101 
046 |00101110 | . | (dot) 01101110 
047 | 00101111 / | (forward slash), O1101111 
048 | 00110000 0 | Start of the 10 dec. digits 01110000 
049.}00110001} 1 01110001 
050 | 00110010} 2 01110010 
051 | 00110011 3 01110012 
052 | 00110100} 4 01110100 
053 | 00110101 | 5 1110208 
954 | 0110110 | 6 ontorie 
055 | OO110111 | 7 O1110111 
056 | 00111000} 8 ane 

ooi11001 | 9 on oee 


01111010 
1111011 
01111100 
01111101 
O1111110 
O11i1111 


00111610 
00111011 
00111100 
00111101 
00111110 
OO111111 


VW AR 


question mark 
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past 


Pe ONKXKX SKC CANZOVOZERKH AUK TAAmMoaare 


AS 


Remarks 
(AT symbol) 
Start of Upper Case Alphs. 


(left/opening bracket) 
(back slash) 
(right/closing bracket) 
(caret/circumflex) 
(underscore) 


Start of Lower Case Alphs. 


(left/opening brace) 
(vertical bar) 
(right/closing brace) 
(tilde) 
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Command 


ATTRIB 


C:\> ATTRIB +r +4 MyData.doe 
C:\> ATTRIB -r MyData.doc 
C:\> ATTRIB +h “sys 


ii is used to take backup copies of one or more files 


ne if UP D:\ Bis 
; BACKUP fron one diac teenothae C:\> BACKU ps B [ 
| CHDIR It is used to change from one directory to another in | C:\> CD C:\Personal\lett 
or DOS. Along with the command, the path and name of the } C:\Personal\Letter> CD. 
cD directory to move to is to be typed C:\Personal\Letter> CD\ 
CHKDSK it is used to check a disk for errors and displays a C:\> CHKDSK D:/f 
status report _ 2! a a 
It is used to copy a file from one location to a different one | C:\> COPY filel.cxt backup. tet et 
; copy or make a copy of a file with a different name at the same | C:\Personal> COPY file2.c p: 
Jocation, The copy command is to be followed by the source | C:\> COPY file3.c C:\Personat 
and the destination file names and file paths C:\> COPY *,bmp C:\Personal 
It is used to display or modify the current date. After 
DATE typing the command, type a new date in the format | C:\> DATE 


dd-mim-yy or press Enter to keep the same date 


C:\> DEL prog.c 
C:\> DEL C:\Home\Progs\Try.c 
C:\> ERASE D;\Tempipic.bmp 


Tt is used to delete a file. The del command is to be 
followed by the path and file name to delete 


It is used to list all the files or sub directories under a 
given directory. Along with the file name, the date & time of 
file creation and the size of the file is also displayed 


C:\> DIR 
€:\> DIR/p 
C:\> DIR personal 


It is used to copy the complete contents of one floppy 
disk to another 


C:\> DISKCOPY A: B: 


These commands can be used to create and edit a text 
file 


C:\> EDIT C\Debayan.ot 
C:\> EDLIN C\ Rikayan.nt 


The FORMAT command in DOS is used to lay down the 
pattern of tracks and sectors onto a secondary storage 
device 


C:\> FORMAT D:/q 


It is used to create, change or delete the volume label 
name of any drive 


C:\> LABEL D: Mycisk 


It is used to make a new directory or folder in DOS. 
Along with the command, the path i.e. the location and 
name of tne new directory is also to be typed 


C:\> MD Project 
C:\> MD C:\Personal\Letter 
C:\> MKDIR D:\Temo 


EDIT 
and 
EDLIN 
FORMAT 
LABEL 
MKDIR 
or 
MD 
MOVE 


It can be used te move a file from one location to 
another, It can also be used to rename a directory. After 
typing the command name, type the source file name along 
with the path and then type the destination path. In case 


you want to change the file name after moving the file, then 
write the new file name 


C:\> MOVE filel.bt D:\Temp 
€:\> MOVE bd.c D:\Temp\bak.c 
C:\> MOVE C:\Templ\prg.c Ds\ 
C:\> MOVE *.txt D:\Temp 


It Is used to rename a file or a directory. The rename 
command |s to be followed by the path and file/directory 
name to be tenamed and the changed file/directory name 


C:\> RENAME prog.c finale 
C:\Personal> REN TCexe Cexe 
C:\> REN Personal Home 


It is used to get back the files, directories and sub- 
lirectones packed up using BACKUP) command. The 

command name 1s followed by the drive and path which 
‘ontains the backup f id then the target drive 


Ci\> RESTORE B.. Dysip 


IL is used to remove or delete a directory or folder in 
DOS, Along with the conymand, the path i.e, the location and 
name of the directory to be removed Is fo be typed 


C:\> RD Project 
€:\> RD C;\Personal\Letter 
C:\> RMDIR D:\Temp 
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ter Science 
yf Compy 
ents 0 


The SCANDISK command in DOS is used to check th 
e 
hard disk or floppy disks for logical and . P 
repair the problems on ted k Physical } C:\> SCANDISK/ai 


display or modify the current time, After 7 


oni ye a new Uine in the format hour- | c: 
at ho *\> TIM 
ecp the same time ‘desi 
2 isting of files and folders in ar 
: cal format, with the main directory at the 
top, followed the sub and sub-sub directori C:\> TREE C:\Persona 
les along its : . 


anches 


It! s used to restore a a deleted file, if Possible 


Its used to display the disk or drive space specified C:\> VOL C ‘ 


¢ to copy files and directory trees from one 
to another. The command will copy all the files and | ex\> x 


es an rectones under it 


Two symnbols, called wildcards, allow the user in DOS te 
wild Card | specify a groups of files. The wild card character ‘*" 
characters indicates any group of characters while *?’ indicates a single 


C:\> COPY *.doc C\Tempi 


G * 
snd ? ae \> DIR D:\Prog*.? 


Used to display the current system date and time 
Use 9 list dit et ctory contents 


| used to copy f 


[Used to display the contents of fi files 


‘Used to rename files 


Used to delete files permanently 
Used to create a directory 


Used to remove a direct 


Used to change the current working directory 


Used to display the contents of a file one page at a time 


Used to start the standard text editor 
Used to change file permission 


Fodine directive 89 auto storage class 
Fectude : Grective 84 ik statement 


ra Operators asa statement [14 _ [char type cata 
26 Operators in an expression condition Ti14 


comments 1 C 


T24 compound operators (+ 
, ps conditional operator (2: ) 

tie and logical operations on a pointer 13-14 _| const keyword 

jSettanetic operators (+, ~ *, 1, %) 9-13 _| continue statement 

pie declaration 13-1 __[ copying a structure / structure members 


S4 
ero structures 15. decrement operator - | 
[@trays and pointers 13-9 _| division operator and different data types Bolas 
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AB 
ee earch Name ; : | 
OUbIe type —aevie. T a7 | . | 
|.00-whi 5 o T1116 [nested while }oops | 
“tent P —__ — 9 | nesting of if-else statements 
dispia ; T14-2__| nesting of ieise statements 
Saying String to10 yssing arrays to functions 
e sequences (\n, \t, \ 19-10 pe en a 
| ; 240 : 12-15 _| passing structures to functions 
{ 1 stor 15 
field vaidth speut 9.6 _|nomter and strings hs 
id width specfiers 
float type data 1.6 [pointer declaration ae 
leelog 118 (pre and associativity of 
oe eee ee printf() function 
formal arguments of a function peel 7 —— < 
fomvat speci MF, %e, % | putchar( ) function _ vi ; 
[function definition =” jt Se -s 
| huncti ion prototype vl 12-2__| register storage class 
ion prototype Sai 12-6 | relational operators (<, <=, >, 25, ==, I=) 
function recursioi’ ——~ [12-10 __[ return statement 
gene sions 9-17 return statement 
get = {9-42 | scanf(_) function 
oe 5 ~~ Jo9-13 | short int type data 
‘ 14-3 _| static storage class 
10-3 yrage ¢ 
; 10-7, |streat( ) function _ 
i 110-2 ~ | stremp( ) function 4 
fincrement operator (++) 5 11-1 strepy(_) function 
indirection operator (*) 13410 _[strlen() function 
[initalising & structure 15-4 struct statement 
inibalising an array 134 structure containing arrays 
| int type data 8-6 switch-case-default statement 
eaical operators (AND &&, OR ||, NOT !) 10-10 _| typedef statement 
long double type data 8-7 union type data 
main() function 8-4 unions as members of other data types 
{ matnx and strings 14-4 ways of declaring structure variables 
matrix of structure type data 15-7 while loop. line 
| multi dimension arrays and matrices 13-5 aes Joop without using counter variable }u-t0 | 
y 


| nested for loops 


j11-20 


! J 


aaa 
2 


* Majority of supercomputers today use different versions of the LINUX operating system 


* A present day iPad2 has as much computing power as the Cray-2 supercomputer in 1985 


* Prior to 1946, programs had to be wired into the computer, and the wirings needed to be changed to 


change a program 


+ Onan average 12,000 laptops are lost or stolen in United States airports each week 
* Early hard drives had 20MB capacity and cost about Rs,50,000/-, whereas a pen drive today halds 


8GB memory and costs Rs,500/- 


« In 1996, the European Space Agency's $1 billion Ariane 5 rocket had to be destroyed less than a 
minute after launch due to a bug in the on-board guidance program 


+ Bill Gates was ready to launch Windows under the name ‘Interface Manager before he wos 


persuaded by an employee to change it 


« You cannot create a folder and name it ‘con’ in Windows: 


* Macintosh was the first commercially successful personal computer that had a graphical user 
interface (GUL) and mouse instead of a command line interface * 
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¢ Computer Science 


ats © 
gti” 

gr (ic 
Pe a (xii) c 
0. ame 

xil 
oe oxi d 
(og (xxi) B 
oy (ati) ¢ 

(ay 5 ) 
@e (i) ¢ 
(ec (xi) ¢ 
foxy (xl) 
(oxs) b (xxl) 6 
wie tail 
ae (i) b 
ae (a 
(xi) 2 (xii) b 
fai) c (xxi d 
foot) (xxx) a 
(a) (xii) c 
@e (i) a 
ead (txii) ¢ 
(ex) ¢ (lexi) D 
@o (i) b 
(ad (xi) ¢ 
(xx) ¢ (xxii) b 
a (i) ¢ 
(xi) d (xii) d 
(xxi) b (xxii) ¢ 
fexxi) 6 (xxxii) d 
(di) ¢ (xiii) ¢ 
@a (li) b 
(xi) a (xii) ¢ 
(xxi) b (Ixxii) ¢ 
fb fi) c 
Or) (i) 
es (xii) a 

x) 


(ii) 
(xiii) d 


(ii) a 
(xiii) d 
(xxii) ¢ 
(xxxili) a 
(xilil) d 


(it) d 
(xiii) b 
(xxiii) b 
(xxxiii) b 
(xtiil) d 
(lili) a 


(iil) b 
(xiii) ¢ 
(xxiii) a 
(xxxiii) d 
(xiii) b 
(lili) d 
(ixiii) b 
(Ixxiil) ¢ 


(ill) ¢ 
(xiii) d 
(xxiii) b 


(ii) d 
(xiii) b 
(xxiii) d 
(xxxiii) ¢ 
(xii) d 
(lili) a 
(lxiii) b 
(lxxili) d 


(iii) d 


(iil) a 
(xili) ¢ 


MCQ 


ANSWERS TO MCQ'S 


(iv) a 
(xiv) a 


(iv) a 
(xiv) d 
(xxiv) a 
(xxxiv) ¢ 
(xliv) a 


(ivyc 
(xiv) ¢ 
(xxiv) b 
(xxxiv) ¢ 
(xtiv) a 
(liv d 


(iv) ¢ 
(xiv) ¢ 
(xxiv) a 
(xxxiv) ¢ 
(xliv) ¢ 
(liv) ¢ 
(Ixiv) a 
(Ixxiv) a 


(iv) b 
(xiv) a 
(xxiv) c 


(iv) a 
(xiv) b 
(xxiv) ¢ 
(xxxiv) a 
(xliv) d 
(liv) a 
(Ixiv) ¢ 
(lxxiv) d 


(iv) b 


(iv) ¢ 
(xiv) ¢ 


Chapter 1 
(v) ce (vi) b 


Chapter 2 


(v) b (vi)d 
(xv) ¢ (xvi) d 
(xxv) a (xxvi) b 
(xxxv) a (xxxvi) ¢ 
(xlv) d (xlvi) b 


Chapter 3 


(v) d (vi) b 
(xv) ¢ (xvi) ¢ 
(xxv) ¢ (xxvi) ¢ 
(xxxv) b  (xxxvi) a 
(xlv) a (xlvi) a 


(vy) d (ivi) b 
Chapter 4 
(v) d (vi) ¢ 


(xv) b (xvi) b 
(xxv) c  (xxvi)¢ 
(xxxv) b  (xxxvi) a 
(xiv) d (xlvi) d 
(lv) a (wi) a 
(xv) b (Ixvi) b 
(Ixxv) b  (Ixxvi) ¢ 


Chapter 5 


(v) b (vi) c 
(xv) d (xvi) d 
(xxv) d 


Chapter 6 


(v) a (vi) b 
(xv) ¢ (xvi) d 
(xxv) b (xxvi) d 
(xxxv) d (xxxvi) a 
(xlv) a (xlvi) b 
(lv) b (vi) b 
(xv) d—(Ixvi)c 
(Ixxv) b  (Ixxvi) b 


Chapter 7 
(v) c (vi) b 
Chapter 8 


(v) ¢ « (vi)a 
(xv) d (xvi) b 
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(vil) ¢ (vill) a (ix) b (x) d 


(vil) a (vill) b (ix) a (x) d 
(xvii) ¢ (xviii) b (xix)c (xx) b 
(xxvil) a (xxvill) a (xxix) b (xxx) a 
(xxxvil) d (xxxvill) b (xxix) (xl) d 
(xlvii) b (xviii) © (xlix) & ()b 


(vii) ¢ (vill) d (ix) b (x)a 
(xvii) b (xviii) ¢ (xix) b (xx) ¢ 
(xxvii) ¢ (xxviii) d (xxix) b (xxx) ¢ 
(xxxvli) d- (xxxviii) d- (xxxix) ¢ (xl) b 
(xlvii) ¢ (xIviil) b (xix) b (Id 
(Wii) d 


(vil) d (viii) a (ix) ¢ (x) d 
(xvii) ¢ (xviii) d (xix) b (xx) a 
(xxvii) bb (xxvili) d (xxix) a (xxx) b 
(xxxvil) d- (xxxvill) a (xxix) b (xl) a 
(xlvii) a (xiviil) b-(xlix) d (ic 
(Ivii) d (Ivill) d (lix) ¢ (lx) b 
(Ixvil) ¢ (Ixvili) b (Ixix)¢ (Ixx) d 
(Ixxvil) a (Ixxvili) b 


(vii) d (viii) b (ix) a (x)d 
(xvil) a (xviii) b (xix) bb (xx) d 


(vii) b (vill) ¢ (ix) b (x) ¢ 
(xvii) a (xviii) c (xix) (xx) a 
(xxvil) a (xxviii) d (xxix) dd (xxx) ¢ 
(xxxvil) a (xxxvill) dD (xxxix) b (xl) d 
(xlvil) d (xivill) a (xlix) & (ha 
(Ivil) b (vill) b (lix) a (Ix) b 
(xvii) b (lxvill) d(Ixix) dd (Ixx) @ 
(dexvil) d (Iexvill) a (Ixxix) d (xxx) a 


(vii) c (vill) © (ix)d (x) d 
(xvii) d (xvili)c (xix) BD (Xx) b 


P1-M-1 


Part | 


{ic 
(xi) a 
(xxi) ¢ 


(i) b 
(xi) a 
(xxi) a 


(i) b 
(xi) ¢ 
(xxi) a 


(ic 
(xi) a 
(xxi) b 


(je 
(xi) d 


(a 
(xi) a 


(i) b 


P1-M-2 


(ii) a 
(xii) ¢ 
(xxii) d 


(ii) a 
(xii) ¢ 
(xxii) b 


(li) b 
(xii) b 
(xxii) ¢ 


(i) d 
(xii) d 
(xxii) a 


(i) b 
(xii) b 


(i) b 
(xii) a 


(ii) c 


(ii) © 
(xiii) © 
(xxiii) b 


(il) c 
(xiii) b 
(xxiii) © 


{ii) ¢ 
(xiii) 
(xxiii) c 


(ii) b 
(xiii) b 


(ii) d 
(ail) ¢ 


(iii) ¢ 
(xiii) @ 


(il) a 


(iv) d 
(xiv) d 


(iv) 
(xiv) d 
(xxiv) b 


(iv) c 
(xiv) b 
(xxiv) ¢ 


(iv) a 
(xiv) ¢ 


(iv) ¢ 
(xiv) b 


(iv) d 
(xiv) d 


(iv) ¢ 


Chapter 9 


(v) c (vi)d 
(xv) b (xvi) ¢ 


Chapter 10 


(v) b (vi)d 
(xv) b (xvi) 
(xxv) ¢ (xxvi) b 


Chapter 11 
(v) ¢ (vi) ¢ 
(xv) ¢ (xvi) ¢ 


(xxv) ¢ (xxvi) d 


Chapter 12 


(v) ¢ (vi) d 
(xv) d (xvi) b 


Chapter 13 

(v) a (vi) b 
(xv) ¢ (xvi) ¢ 
Chapter 14 

(v) b (vi)d 
(xv) ¢ (xvi) b 
Chapter 15 
(vd (vi) ¢ 
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(vil) b 
(xvii) a 


(vii) 
(xvii) d 
(xxvii) d 


(vii) a 
(xvii) d 
(xxvii) ¢ 


(vii) d 
(xvii) ¢ 


(vii) a 
(xvii) b 


(vii) ¢ 
(xvii) d 


(vii) 


(viii) ¢ 
(xvili) ¢ 


(vil) d 
(xviii) b 
(xxviii) b 


(viii) ¢ 
(xviii) a 
(xxviii) b 


(vill) a 
(xviii) 6 


(vill) ¢ 
(xviii) 


(vill) d 
(xviii) a 


(viii) d 


(ix) d 
(xix) d 


(ix)c 
(xix) d 
(xxix) d 


(ix) d 
(xix) ¢ 
(xxix) c 


(ix) b 
(xix) ¢ 


(ix) b 
(xix) b 


fix) b 


Answer, 


(x)b 
(x) a 


(Kd 
(ox) a 
(exx) 


(x)d 
(xx) ¢ 
(xxx) 


(x) 
(xx) 4 


(xd 
(xx) ¢ 


(x) c 
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QUESTIONS OF ANNUAL EXAMINATION, 2015 
COMPUTER SCIENCE 
CLASS - XI 
(PRACTICAL) 
(NEW SYLLABUS) 


{ Time : 3 hours ] [ Full Marks ; 30 ] 
Special credit will be given for answers which are brief and to the point, 
Marks will be deducted for spelling mistakes, untidiness and bad handwriting. 
Figures in the margin indicate full marks for the questions. 
General Instructions ; 
+ There are 4 (four) groups. Group-A contains 4 (four) questions. Group-B contains 2 (two) parts, each containing 
4 (four) questions. You have to answer 1 (one) question from Group-A and 1 (one) question from each part of 
Group-8. 
Write all the steps in your answer-script which you have performed with the computer. 


Print all files, if necessary and possible, otherwise write all files with partial data input and output in your answer-script 
Make suitable assumptions, if any, and tabulate them. 


GROUP - A 
Answer any one from the following questions : 5x1=5 
1, Carry out the following using the Windows operating system : 
(a) Find all files with the file extension .nf in your computer. 
(b) Create a folder on Desktop and Rename it as ‘COMS PRACTICAL EXAM’. 
(c) Sort the files in C drive by name. 2+2+1 


2. (a) Create a .bmp file using the MS-Paint program and then save it on the Desktop as .gif file. 
(b) Arrange all icons on Desktop according to their type. 


(c) Create an arbitrary file in your Desktop. Send the file to Recycle Bin. Finally retrieve the file 
from Recycle Bin. 2+1+2 


3. Using Unix / Linux operating system commands, create the following tree : 5 


Here boxes are denoting directories and circles are files. 
4, (a) Using Unix/Linux command, display all current users of system. 
(b) Using Unix/Linux, create a file ‘Test’ containing the sentence “This is a line”. 
(c) Make the file ‘Test’ hidden. Enable read and write permission of the file ‘Test’ for all rs 
1+2+ 
GROUP - B 


PART - | 
Answer any one from the following questions : Sxte5 
« Algorithm / Flowchart : 2 


47 P1-Q-1 


Part 1 
+ Program coding in ‘C' language : 2 
+ Execution and output : 1 


Write a © program that checks whether an Input alphabel is a vowal or consonant. (Chock both 
lower case and upper case) 
Write a program in C language to find out the summation of all odd numbers in botwegn 1 to ¥ 
where rn ls a positive integer, After execution, show oulput. ), 
Write a program in C language to print digits of an inputted number in reverse. 


1 


i) 


3 
4, Write a C program to generate the following pattern 
1 
1 3 
Ay ed 5 
1 3 5 7 
1 3 SEAT reese, 5 
PART - Il 
Answer any one from the following questions ; x16 19 


« Algorithm / Flowchart ; 4 
* Program coding in ‘C' language : 4 
+« Execution and results : 2 


1, Write a C program to find out the sum of n natural numbers using recursion, where n is a positive 


integer. 10 
2. Write a C program to check whether an inputted string is Palindrome or not without using Strrey() 
function. Display appropriate message as output. 10 


3. Write a C language program to generate Armstrong Number. 
(A number is Armstrong if the sum of cubes of individual digits of a number is equal to the number 


itself, e.g. 371 = 39 + 73 + 13] 10 
4, Write a program to generate a Transpose Matrix of a 3 x 3 matrix using C language. 10 
GROUP - C 
Laboratory notebook 5 
GROUP - D 
Viva-voce 5 
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COMPUTER SCIENCE PAPER SOLUTION 
CLASS - XI 
2015 Practical Examination 


GROUP - A 


answer any one from the following : 


1. 


Carry out the following using the Windows operating System: 


(a) 


Find all files with file extension .rtf in your computer. 
Step 1. Click on the Search button 
Step 2. Within the ‘Search programs and files’ box type the search condition *.rif and press 


(2) 


Enter 

(b) Create a folder on Desktop and rename it as 'COMS PRACTICAL EXAM', (2) 
Step 1. Right click on the Desktop 
Step 2. Click on the New option in the dropdown list that appears 
Step 3, Click on the Folder option from the dropdown sub-list that appears 
Step 4. A New Folder appears. Type the name of the folder as 'COMS PRACTICAL EXAM’ 

(c) Sort the files in C drive by name. (1) 
Step 1. Double click on the Computer icon on the Desktop 
Step 2. Double click on the C: drive icon from under the Hard Disk Drives pane 
Step 3. The C: drive window opens 
Step 4. Right click on the white space in the right side pane 
Step 5. Select the Sort by option from the dropdown list that appears 
Step 6. Select the Name option from the sub-list that appears to sort the files by name 

2. (a) Create a bmp tile using MS-Paint program and then save it on the Desktop as a .gif file. (2) 

Step 1. Open Paint by clicking on Start + All Programs + Accessories > Paint 
Step 2. Draw something in MS Paint 
Step 3. Click on the Save icon at the left side of the Title bar 
Step 4. In the Save As window that opens, select the Desktop option from the left side pane 
Step 5. Type the file name as Painting in the File Name box 
Step 6. Select the file type as GIF from the Save as type list box 
Step 7. Click on the Save button to save the file 

(b) Arrange all icons on Desktop according to their type. (1) 
Step 1. Right click on the Desktop and click the Sort by option from the dropdown list that 

appears 

Step 2. Select the Item type option from the sub-list that appears 

(c) Create an arbitrary file in your Desktop. Send the file to Recycle Bin. Finally retrieve the file 
from the Recycle Bin (2) 
Step 1. Right click on the Painting.gif file created on the Desktop in question 2a above 
Step 2. Click on the Delete option to delete the file 
Step 3. Double click on the Recycle Bin icon on the Desktop 
Step 4. Locate the deleted file in the Recycle Bin window that opens and right click on it 
Step 5, Select the Restore option from the dropdown list that appears to retrieve the file 

3. Using UNIX / Linux operating system commands create the following tree: (5) 


KARNATAKA WEST BENGAL 
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Part 1 


Note: Here boxes denoting directories and circles are files. 


4. (a) 


(b) 


(0) 


Answer any one from the following : 


Step 1. 
Step 2. 


Step 3. 


Step 4. 


Step 5. 
Step 6. 


Step 7. 
Step 8. 


Step 9. 
Step 10. 


Step 11. 


Using Unix/Linux command display all current users of the system. 


Step 1. 


Using Unix/Linux create a file ‘Test’ containing the sentence “This is a line". 


Step 1. 


Step 2. 
Step 3. 


Step 4. 


Type the following in the UNIX prompt to create the directory INDIA: 

mkdir INDIA 

Move into the INDIA directory by typing the following: 

ed /INDIA 

Type the following in the UNIX prompt to create the directories NORTH, SOUTH, East 
WEST under the INDIA directory 
mkdir NORTH SOUTH EAST WEST 

The cat command can be used to create the following files under the directories. 
cat > /INDIAANORTH/KASHMIR. TEXT 

Type any text in the file and press Enter followed by Cir/+D to save and close the file 
Next type the following: 

cat > /INDIA/SOUTH/KARNATAKA. TEXT 

Type any text in the file and press Enter followed by Ctrl+D to save and close the file 
Next type the following: 

cat > /INDIA/EAST/WEST_BENGAL. TEXT 

Type any text in the file and press Enter followed by Ctrl+D to save and close the file 
The cat command can be used to create the files under the directories as shown 
above: 

cat > /INDIA/WEST/GUJARAT.TEXT 

Type any text in the file and press Enter followed by Ctrl+D to save and close the file 


(1) 
Type the following command and press Enter to display the current users: 

who 

® (2) 
Open the vi editor in UNIX to create the file ‘Test’ by typing the following: 
vi Test 

Type i and press Enter 

Type the sentence “This is a line" and press Enter followed by Esc to get back to 
the command mode 

To save the file, type :wq! and press Enter to save and exit the vi editor 


Make the file ‘Test’ hidden. Enable read and write permission of the file ‘Test’ for all users.(2) 


Step 1. 


Step 2. 


Type the following under the command prompt to make the file ‘Test’ hidden (put a 
dot i.e. (.) in front of the file name by renaming the file): 
mv Test .Text 


Type the following under the command prompt to enable read and write permission 
of the file ‘Test’ for all users: 
chmod 006 Test 


GROUP - B 
Part - 1 
Sx1=5 


1. Write a C program that checks whether an input alphabet is a vowel or a consonant. (Check 
both lowercase and uppercase): 


P1-Q-4 


Step 1. 


Open the C programming IDLE (like Turbo C or DevC++) and type the following code 
in a new file: 

/*2015 Part-1: Programl*/ 

#include<stdio.h> 

int main() 

{int i, flag=0; 

char x; 

char vow[]="AEIOUaeiou" ; 

char con[]="BCDFGHJKLMNPQRSTVWXYZbedfghj kl mnpqrstvwxyz" ; 
printf("\nEnter an alphabet: "); 
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fflush (stdin) ; 
scanf("%o", &x); 
for(i=0; vow{i]l="\O'; i++) 
{if (x==vow[i}) 
{printf ("\nVowel") ; 
flag==1; 
break; 
) 
) 
for(i=0; flag!=1 6& con[i]!='\0'; i++) 
{if (x==con[i]) 
{printf ("\nConsonent") ; 
flag==1; 
break; 
) 
} 
if (flag==0) 
printf ("\nAny other character") ; 
fflush (stdin) ; 
getchar(); 
return 0; 
} 
Step 2. Save the file as partt_P1.C and compile it. 
Step 3. Run the program after compilation. 


Write a program in C language to find out the summation of all odd numbers in between 1 and 
n, where n is a positive integer. After execution show output. 
Step 1. Open the C programming IDLE and type the following code in a new file: 
/*2015 Part-1: Program2*/ 
#include<stdio.h> 
int main() 
{int i, n, sum=0; 
printf("\nEnter an integer: "); 
scanf("td", &n); 
for(i=1; i<=n; it=2) 
sum = sum + i; 
printf("\nRequired sum = %d", sum); 
fflush (stdin) ; 
getchar () ; 
return 0; 
} 
Step 2. Save the file as part1_P2.C and compile it. 
Step 3. Run the program after compilation. 


2 


3. Write a program in C language to print digits of an input number in reverse. 
Step 1. Open the C programming IDLE and type the following code in a new file: 


/*2015 Part-1: Program3*/ 
#include<stdio.h> 
int main() 
{int num, digit; 
printf("\nEnter an integer: "); 
scanf("%d", &num) ; 
printf("\nThe input number in reverse dai"): 
while (num>0) 
{digit = num%10; 
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printf ("td", digit); 
num = num/10; 
) 
ff£lush (atdin) ; 
getchar() ; 
return 0; 
) 
Step 2. Save the file as parti_P3.C and compile it. 
Step 3. Run the program after compilation. 


4. Write a C program to generate the following pattern: 
1 


13 
13 
13 
13 


aaa 


7 
79 
+ Open the C programming IDLE and type the following code in a new file 
/*2015 Part-1: Program4*/ 
#include<stdio.h> 
int main() 
{int i, 3; 
for(isl; i<=5; i++) 
{for(j=1; j<si; j++) 
printf£ ("td ", 285-1); 
printé ("\n") ; 
) 
££1lush (stdin) ; 
getchar() ; 
return 0; 
) 
Step 2. Save the file as partt_P4.C and compile it. 
Step 3. Run the program after compilation. 


Ste, 


Part-ll 


Answer any one from the following: 10x 1=10 


1. Write a C program to find out the sum of n natural numbers using recursion, where n is a positive 
integer. 
Step 1. Open the C programming IDLE and type the following code in a new file: 
/*2015, Part-2: Program1*/ 
#include<stdio.h> 
int sum(int n) 
{int sum; 
if (n==0) 4 
return 0; 
sum = n + sum(n-1); 
return sum; 
) 
int main() 
{int n, 8; 
printf ("\nEnter an integer: "); 
soanf("%d", Gn); 
6 = sum(n); 
printf ("\nRequired sum = %d", 8); 
fflush (stdin) ; 


P1-0-6 476 


giments of Computer Science 
RW 


chest) Question 
getchar(); 


return 0; 

) 
Step 2. Save the file as part2_P1,C and compile it, 
Step 3. Run the program after compilation. 


2. Write a C program to check whether an Input string Is 


Palindrome or not without using strre: 
function. Display appropriate message as output: 2 MY 


Step 1. Open the C programming IDLE and lype the following code in a new file: 
/*2015 Part-2: Program2*/ 
Winclude<stdio.h> 
Winclude<string, h> 
int main() 

{int i, len, flag=1; 
char word[80) ; 
printf ("\nEnter a word: "); 
gets (word) ; 
len = strien(word) ; 
for(i=0; i<len/2; i++) 
{ if(word{i] != word[len-i-1)}) 
(flag=0; 
break; 
) 
) 
if (flag==1) 
printf ("\nPalindrome") ; 
else 
printf("\nNot a Palindrome") ; 
f£1ush (stdin) ; 
getchar() ; 
return 0; 


Step 2. Save the file as part@_P2.C and compile it. 
Step 3. Run the program after compilation. 


3. Write a C program to generate Armstrong number, [A number Is an Armstrong number if the 
sum of the cubes of individual digits of a number is equal to the number itself, e.g. 371 = 3° + 
P+ 15] 

Step 1. Open the C programming IDLE and type the following code in a new file: 
/*2015 Part-2: Program3*/ 
#linclude<stdio.h> 
int main() 

{int num, copy, digit, sum; 
for (num=100; num<=999; num++) 
{sum = 0; 
copy = num; 
while (copy>0) 
{digit = copy%10; 
copy = copy/10; 
sum = sum + digittdigit#digit; 
) 
if(sum == copy) 
printf ("\ntd", num); 
) 
f£flush (stdin) ; 
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getchar(); 
return 0; 
) 


Save the file as part2_P3.C and compile it 
Run the program after compilation. 


4, Write a program to generate a Transpose Matrix of a 3x3 matrix using C language. 


P1-Q-8 


Open the C programming IDLE and type the following code in a new file: 


/*2015 Part-2: Program4*/ 


flinclude<stdio. h> 
int main() 


{int mat({3][3], trans{3][3], i, 
for(i=0; i<3; i++) 
{£or(4=0; 4<3; i++) 
{printf ("\nEnter value[%d][%d] " 
scanf("%d", &mat[i][j)); 
trans[j]{i] = mat{iJ} [35]; 
) 
printf("\nThe Transpose Matrix. ..\n"); 
for(i=0; i<3; i++) 
{for (j= 3<3; j++) 
printf ("\td", trans[i][4]) 
printf ("\n") 7 
) 
fflush (stdin) ; 
getchar() ; 
return 0; 


} 


3; 


, i, 3) 


Save the file as part2_P4.C and compile it. 
Run the program after compilation. 
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QUESTIONS OF ANNUAL EXAMINATION, 2015 
COMPUTER SCIENCE 
CLASS - XI 
New Syllabus 


al Time : 3 Hours 15 minutes | { Full Marka : 70 
Special credit will be given for answers which are brief and to the point, 
Marks will be deducted for spelling mistakes, untidiness and bad handwriting, 
Figures in the margin indicate full marks for the questions. 
GROUP -A 

Answer the following questions (MCQ type) : 1421-21 
(i) Which of the following is not an Input Device ? 

(a) Scanner (b) CRT Monitor ic) Touch Screen (d) Barcode Reader. 
(ii) U.LS.1, stands for — 

(a) Ultra Large Scale Integration (b) Under Large Scale Integration 

(c) Ultra Large Scale Integer (d) Ultraviolet Low Scale Integer, 
(iii) Main component of 2nd generation computer is - 

(a) Vaccum Tubes b) Transistors 

(c) Integrated Circuits (d) Mega Chips. 
(iv) Cache memory is situated in between - 

(a) Primary and Secondary Memory (b) Register and Secondary Memory 

(c) Register and Primary Memory id) Primary Memory and Flash Drive. 
(v) Which one of the following is not an example of Sth generation computing ? 

(a) Artificial Intelligence lb) Voice Recognition 

(c) Parallel Processing (d) Integrated Circuits. 


(vi) AtA+O+A = 


(a) 1 (b) 0 (c) A (d) A 
(vii) In SOP expression AB + BC of truth table, how many of the outputs are low ? 
(a) 1 (b) 2 (c) 4 (d) 5. 
(viii) NOT GATE is also known as — 
(a) Convertor (b) Decoder (c) Invertor (d) Universal Gate. 


(ix) How many selection lines are required in 1 x 16 Demultiplexer ? 
(a) 3 (b) 8 (c) 4 (d) 16. 
(x) The terms of SOP expressions are called — 


(a) Logical Terms (b) Max Terms (c) Boolean Terms (d) Min Terms 
(xi) (4)g + (Og = (Pg 

(a) 10 (b) 11 (c) 12 (d) 13. 
(xii) stores the address of another variable. 

(a) Structure (b) Array (c) Union (d) Pointer. 
(xiii) Which of the following commands is used to copy in UNIX operating system ? 

(a) CD (b) CP (c) PC (d) DC 
(xiv) Which of the following is used as a wildcard character in DOS ? 

(a) & (b) # (c) | (d) 2 
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(xv) _____ is used to take user input through keyboard in C language. 

(a) printf (b) scanf (c)_ print (d) scan. 
(xvi) inti 

for (i = 0; i < = 43) 

printf 


Correct output is — 
(a) 1234 (b) 0123 (c) 12345 (d) 123. 
(xvii) Which of the following is not an Application Software ? 


(a) Foxpro (b) Assembler (c) Games (d) Spreadsheet, 
(xviii) Which is used to represent ‘NULL’ character in ‘C’ Language ? 

(a) \n (b) \t (c) \o (d) \u. 
(xix) Which of the following is a Logical Operator in ‘C’ Language ? 

(a) > (b) < (c) != (d) 1. 
(xx) Which of these is a correct pointer declaration in C ? 

(a) int *ptr (b) *int ptr (c) int ptr* (d) int &ptr. 
(xxi) Which header file includes gets () and puts () function ? 

(a) string-h (b) conio.h (c) stdio.h (d) math.h 

GROUP - B 


2. Answer the following questions in brief (Alternatives are to be noted) : 
(i) Which library function is used to convert a given string to uppercase ? 
Or, Which library function is used to copy a string ? 

(ii) In which generation of computers Microprocessor is used ? 
Or, Name the components used in first generation computers. 
(iii), Write down the Truth Table of 2-Input NAND gate. 
Or, Write down the Truth Table of a Half Adder. 
(iv) What does VLSI mean ? 
Or, What is EEPROM ? 
(v) « What is time sharing operating system ? 
(vi) Give two examples of conditional operators in ‘C’. 
Or, Show an application of binary operator in ‘C’. 
(vii) What is Recursion ? 
(viii) What is the purpose of Header files in ‘C’ ? 
Or, What are storage classes in ‘C’ ? 
(ix) Differentiate between ‘While-do’ and ‘Do-while’ statements. 
Or, Differentiate between ‘break’ and ‘exit’ statements in ‘C’. 
(x). What do you mean by a Switch case statement ? 
(xi) What will be the output of the following ? 
printf (“% 5.31”; 125.1)k 
Or, Which library function is used for counting number of characters in a string ? 
(xii) What is infinite loop in C ? 
Or, What is function prototype ? 


(xiii) Let a and b have values 20 and 30 respectively. Write a C code to interchange the values of 
these two variable without using a third variable, 


(xiv) Represent (-6),9 in 4-bit 1's complement form. 
Or, What is 2’s complement representation ? 
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fi 


(i 
Of 
(ai) 
Or, 


(jw) 


") 


Or, 


Or, 


(a) 
(v) 
(¢) 


(b) 
(a) 


(b) 


GROUP - C 


¢ following questions ; (Alternatives are to be noted) 7*5=35 
Find (x) 9 + (11001) = (57)g 

(Ol)s + 45)g = (P)g 

(6 Dig = (Pg 

(1011.10}g = (7)qg 

(BCE + 7D) = yg 

(285)19 * (6 

Differentiate between ‘Call by value’ and ‘Call by reference’ using suitable examples, 
Write a C program to calculate the ‘Factorial’ of any inputted number of given run-time. 
What is an array? Declare an array to store 20 real numbers. 

Write a program in C to add two 3 x 3 matrices, 

Draw the block diagram of 4 x 1 Multiplexer and the corresponding Truth Table. 
Find out the logic expression of f (A, B, C) = Z(1, 2, 4) + d (0, 7). 

Draw the diagram of octal to binary encoder and the corresponding Truth Table. 
What is a ‘Full Subtractor’ ? 

State the functions of operating system. 

Write two differences between internal and external commands. 

What is Utility Software ? Give Example. 

What is ‘Spooling’? 

What is the function of L.S. command in Unix ? 

What is a ‘Loader’ ? 

Write a program in C to make the following structure 

(The Number of lines will be taken as Input). 


Pownny 


be as ti 


fees 


Write two utilities of flowchart. Mention the different components of a flowchart. 3 
Write a program in C to print the following series (1, 5, 9, ...n), where n is the upper 
limit. 5 
What is the purpose of STRCMP () function ? 2 
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4, Answer the following questions (MCQ type) : 


(i) (b) 
(ii) (a) 
(ili) (b) 
(iv) (c) 
(v) (a) 
(vi) (a) 
(vil) (c) 
(viii) (c) 
(ix) (e) 
(x) (d) 


(xvii) (b 
(xviii) (¢) 
(xix) (a) 
(xx) (a) 
(xxi) (c) 


2. 


CRT Monitor 

Ultra Large Scale Integration 
Transistor 
Register and Primary Memory 
Integrated Circuits 
1 

4 

Invertor 

4 

Min terms 

12 

Pointer 

cP 

2 

scant 

12345 
Assembler 

\o 

! 

int *ptr 

stdio.h 


GROUP - B 


Answer the following questions in brief (Alternatives are to be noted) : 


(i) toupper ( ) 


OR 


strepy () 
(ii) 4th generation 


OR 


Vacuum Tube 
(iti) Truth table of 2 input NAND gate 


[a |e | xe 
0 
0 
1 
1 


0 
1 
0 
1 


1 
1 
il 
0 


OR 


Truth table of Half Adder 
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guaiment Question 
() VLSI stands or Very Large Scale Integration. it is a technology used to make Integrated circuits 
OR 


EEPROM stands for Electrically Erasable Programmable Read Only Memory, It Is a typo of ROM 
In a Time Sharing Operating System the total time of the OS js shared among multiple users 
(vi) Two examples of conditional operators are 

max = (a > b) ? (a) : (b) ; 

amount = (cost > 5000) ? (cost * 0.9) : (cost * 0.95); 

OR 

Example of binary operator ; 

X=yez; 
(vil) Recursion is the process where a function calls itself, Factorial of a number can be calculated 

using a recursive function for example 


Vv 


(vill) Header files are used in C to provide prototypes of library functions used in the program. 
OR 
The storage class of a variable in C determines the scope and class of a variable /.¢., it determines 
in which location of the computer the values of the variables are stored. 

(x) A while loop is an entry controlled loop where the condition is checked at the beginning of the 
loop, whereas a do-while loop is an exit controlled loop where the condition is checked at the 
end of the loop, 

OR 
A break statement takes the control out of a loop i.e., terminates a loop. An exit statement terminates 
a program. 

{x) A switch case statement is an alternative to if-else statement and can be used to test a value and 
execute certain statements based on the value. 

(xi) Output ; 125.1 
OR 
The strlen ( ) library function is used to count the number of characters in a string. 

(xii) An infinite loop never ends and goes on forever. 
eg. for(;1>0;); 

OR 
‘A function prototype is a declaration of a function that specifies the function’s name and signature. 
It includes the function return data type, the function name, the function parameter list. 

(xi) Code to exchange the values of two variables without using third variable. 


inta=6,b=8; 
aza+b; 
b=a-b; 
az=a-b; 
(xiv) 4 bit 1's complement form of (-6),9 : 
2: jg = 1105 
Glee rem 0 Positive 4 bit sign magnitude form of +6 is : 
2L3 
1 0] 1 fifo] 
2) |e, 
0 1 :, Negative 1’s complement form of - 6 is : 
7000 
OR 
Two's complement representation is used to represent negative integer numbers. To form the 2's 
complement : 


1. Get the positive sign magnitude representation of the number 
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2. Gel the 1's complement 
3. Add 1 to the LSB of the 1's complement 


GROUP -C 


3. Answer the following questions : (Alternatives are to be noted) 
(i) (a) (x)yq + (11001) = (57)g 


RW, 
Of, (X)yq = (57)g — 31g 011 004, 
OF, (X)iq = (26)g — —— 
(3 1) 
xe2 Bl 4 6+ 80 6 57 
= 164+6 <34 
= 224, Ans 26 
(b) (t)y + (45)q = (2p 
Ans. (126), Rw. Alternative 
(c) (AB D)g = (?%)g 61 1 64 
A6D pee +45 
126, 1106 
fe | e 
als se 
101001101101 oe 
Be ota al dacs 2408 
Ans : (5155), 
OR 


a) (1011.10)9 = ( 2)49 
=1x 2340x2241 x2h4+1x 241 x2740x 2% 
=B+O+2414+4 

1 


zu+y 
23 
= 9 = 11.5 Ans. 
(b) (BCE)q5 + (W7D)yg = (216 
qe 
BCE ioe a8 
+170 == 7 13 
0487 13.20 27 
poe 16 = 1G) 
3°44 «44 
Vey L 
Diaeaniee S| 


(C) (285),9 = (2)4g = (11D)i6 


16 | 285 

16|_17 rem 13 A D 

16 1 1 1 
ro) 1 [4 


(ii) Call by value occurs when a function is called with the value of a variable, whereas call by 
reference occurs when a function is called with the address of a variable. In call by value, if any 
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modification is done on the formal argument then that modification does not affect the actual 
argument. In call by reference, any modification done on the formal 2 
j argumen 
Aelia 9 it changes the actual 


aud! 


Example : 

# include <stdio.h> 

void squareV (int x) 
(x Sx Px 
print (‘“%d", x); 
) 

void squareR (int * x) 
{*x=(*x)* (* x); 
printf (“ %d", * x); 
} 


void main ( ) 
{ int y; 
scanf (" %d", &y); // Let value input = 6 
squareV (y); // Call by value of function squareV 
printf (“%d", y); // Value of y printed will be 6 
squareR (&y); // Call by reference of function square R 
printf (“%d", y); // Value of y printed will be 36 


) 
b)  #include <stdio.h> 
/* To find factorial of a number */ 
void main ( ) 
{ int num, i; 
long int fact = 1; 
printf ("Enter number :"); scanf {"%ed", &num); 
for (i = 1; i < = num; i++) 
fact = fact * i ; 
printf (\n Required factorial is % Id", fact); 
) 
(ii) OR 
An array is an inbuilt linear data structure that can be used to store a set of values of the same 


data type. Each value stored in the array can be accessed using an index along with the array 
name. All values in the array occupy consecutive memory locations. 


‘An array to store 20 real numbers is declared as : 
float arr (20}; 


(b) /* Program to Add two 3 x 3 matrices oi 

#include <stdio.h> 

void main ( ) 

{int A (3) [3], B {3} [3], $ (3) (3), 1.) 

for (i = 0; i < 3; i+ +) 
{ for (j = 0; j < 3; j++) 
( printf (‘\nEnter value of A :"); 
scant (“%d", & (i) (i); 
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for {i = 0; i < 3; i++) 
{ for j = 0; | < 3: i++) 


) 
(iii) Truth Table of a 4 x 1 multiplexer : 
(a) 


printf (“\n Enter value of B :"); 
scanf (“‘%d", &B [i] [i]): 


(SW H=AM H+ HO 
print (“ed\t", S (i) Ds 


) 


printf (“\n"); 


+-o+0 


', 
Output 
MUX pr 


Block Diagram of 


a4x 1 MUX 
=2Z (1, 2, 4) + d(0, 7) 
Bc | BC ee 
Term1= BC 
1 Term2= AB 
s 2 Term3= AC 
a f=AB+BC+AC 


(iii) OR 
(a) Octal to binary encoder : 

Truth Table 

octal | 8, | 8 | 8 
te) 10} 0 i¢) 
1 0 0 1 
2 0 1 0 
3 0 1 1 
4 1 0 0 
5 1 to) 1 
6 1 1 0 
i 1 rf 1 
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(™) OR 
(a) 


(b) 


(c) 


 (@) 


These commands are automatically loaded at 
the time of booting of DOS 

These commands programs are not displayed 
at the time of listing the files 


Eg. DIR, CD, MD 


of Computer Science 


Question 


uit is used to subtract two binary digits. It has three inputs and two outputs. 
Minuend (A), subtrahend (B), Borrow (B,) 
e outputs are : Difference (D), Borrow out (B,) 


The f 


of operating system are : 


vianagement : The file management module of the OS deals with creating, naming 
stonng, retrieving, organising and security of files. : 


(2 femory M: i 
(2) Memory Management : This module is responsible for the allocation and deallocation 
of memory space to various programs. 


(3) Process Management : This module is responsible for the creation, deletion and running 
of several processes simultaneously. 


(4) Device Management : This module keeps track of the input/output requests from various 
processes and issues commands to the input/output devices. 


(5) Command Interpretation : This module takes care of interpreting the user commands. 


internal Command External Command 


(i) These commands are kept in the hard disk until 
they are needed. 


(ii) These command programs are displayed at the 
time of listing the files 


(iii) E.g. FORMAT, MOVE, ATTRIB 


Utility programs are a common set of library programs that are used to do certain utility jobs 
like finding files, compressing files, defragment disks etc. 


Spooling stands for simultaneous peripheral operations online. It is a technique used to solve 
the problem of speed mismatch between the processor and peripheral devices like printers, 
keyboards etc. Spooling places all the data that comes from a slow input device on the hard 
disk before it is loaded into the main memory. Similarly after execution by the CPU data in 
the main memory is written to the hard disk before it is output through a slow output device 
like a printer. 
The LS command of UNIX is used to list the contents of a specified directory. It is similar to 
the DIR command of DOS. Several switches can be used to view file listings in different forms 
like listing all contents including hidden files, or list contents of a directory in long form etc. 
The executable program code produced by the linker is stored in the secondary storage. To 
run the code the program needs to be loaded into the main memory for execution by the 
operating system. This job is done by the loader. It works along with a program called a 
relocator that helps to adjust the relative addresses of the different sub routines in the 
executable program as per the requirement of the primary memory. 
/* Program to Print Pattern */ 
# include <stdio.h> 
void main ( ) 
{ inti, n, j; 
printf {'\n Enter number of lines to print 
scant ('%d", & n); 
for (i = 
{ for (j 
printf ("*"); 
printf (“\n"); 


} 
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(b) Two utilities of a flowchart are 


(i) A flowchart gives a pictorial/graphical representation of the program logic. 
(ii) The same flowchart can be used to develop a program using any programming langua 
i) 


(a) /* Program to print the series 1, 5, 9, . 
# include < stdio.h > 
void main ( ) 
{int term, n ; 
printf (“\n Enter the term value up to which to print : "); 
scanf (“%d", & n); 
ly 
while (term < = n) 
{ printf ("\n 9d", term); 
term = term + 4; 


yen 


term 


) 
(b) The stremp function is used to compare two strings. If the strings are str 1 and str 2, then 


stremp returns 0 if both the strings are same. It returns —-1 if the strings are in alphabetic 
order. It returns +1 if the strings are not in alphabetic order. 
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CLASS - XI 
(PRACTICAL) 
(NEW SYLLABUS) 


[ Time 3 hours } { Full Marks : 30 } 


Special credit will be given for answers which are brief and to the point. 
Marks will be deducted for spelling mistakes, untidiness and bad handwriting. 
Figures in the margin indicate full marks for the questions. 


General Instructions : 


» There are 4 (four) groups. Group-A contains 4 (four) questions. Group-B contains 2 (two) parts, each containing 
4 (four) questions. You have to answer 1 (one) question from Group-A and 1 (one) question from each part of 
Group-B. 

. Write all the steps in your answer-script which you have performed with the computer. 

+ Print all files, if necessary and possible, otherwise write all files with partial data input and output in your answer-script. 

» Make suitable assumptions, if any, and tabulate them. 


GROUP -A 


Answer any one from the following questions : 5x1=5 
1. Carry out the following using the Windows operating system : 
(a) Rename any one existing folder of the Desktop. 
(b) Convert all files and folders into ‘Tiles' view of any one drive. 
(c) Change the Desktop Background, 
(d) Find out the files having ‘txt’ file extension name of any drive. 1+14+14+2 


2. (a) Create a folder ‘Games’ on the Desktop. Inside this folder create three more folders namely 
‘Cricket’, ‘Football’ and ‘Tennis’. 


(b) Delete the ‘Football’ folder and again retrieve the folder at its original position. 3+2 
3. Using Unix / Linux operating system commands, create the following tree : 5 


New Delhi 
Howrah Bridge Gateway of India 


Here boxes are denoting directories and oval-shapes are files. 


Hyderabad 
Ramoji Film City, 


4, (a) Show the list of all current users using Unix/Linux command. 


(b) Create a file named ‘INDIA’ which will contain “I! love my country” using suitable command 
in Unix / Linux. 


(c) By using Unix/Linux command, show the present working directory and system date. 
14+2+2 
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Part | 


Answer any one from the following questions : 


1 


nm 


Answer 


GROUP - B 
PART -1 


5xtag 
Algorithm / Flow chart ; 2 


Program coding in 'C’ language ; 2 
Execution and output ; 1 


Write a program in 'C' language to check an integer number whether it it even or odd. The numbe, 
should be given as input except zero. ‘é 


5 
Write a 'C' program to take two strings as input and concatenate them. 5 
5 
Write a program in ‘C' language to check an integer number whether it is prime or not, The number 
will be taken as input. 5 
Write a program in 'C’ language to make the following pattern ; 
rary 
ne 
vo 
* § 
PART - Il 
any one from the following questions : 10x1=19 


Algorithm / Flow chart : 4 
Program coding in ‘C’ language : 4 
Execution and results : 2 


Write a program in ‘C’ language, which will take an array of 5 numbers and find out the largest 
and smallest numbers of that array. 


10 
Write a ‘C’ program which can print the following series : 
0, 1, 1, 2, 3, 5, ..., n (Fibonacci series) 
Value of n will be inputted from user. 10 
Write a program in ‘C' language to convert all the lower case letters in a sentence to the 
corresponding upper case letters. 10 
Write a program in ‘C’ language to add two 3 x 3 matrices and store into another matrix and as 
well as display. 10 
GROUP - C 
Laboratory notebook 5 
GROUP - D 
Viva-voce 5 
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GROUP — A (Multiple Choice Questions) 


ans! Sxt=5 
j, Carry out the following using the Windows operating System: 
(a) Rename any one existing folder of the Desktop (1) 
Step 1. Right click on a folder on the Desktop 
Step 2, From the dropdown list select the Rename option, 
Step 3. Type the new name of the folder 
(pb) Convert all files and folders into 'Tiles' view of any one drive, (1) 
Step 1. Double click on the Computer icon on the Desktop 
Step 2. Double click on the drive icon to open the drive to change view 
Step 3, Click on More Options button on the right side of Menu bar for different view options 
Step 4, Move the slider to get the 'Tiles' view 
(c) Change the Desktop background. (1) 
Step 1. Right click on the Desktop 
Step 2. Click on the Personalize option from the drop-down list 
Step 3. Click on the Desktop Background option 
Step 4. Select a picture 
Step 5. Click on Save Changes button to apply the Desktop Background 
(a) Find out the files having ' txt' file extension name of any drive. (2) 
Step 1. Click on the Start button at the left of the Task Bar 
Step 2. Type the search criteria *.txt in the Search Box 
Step 3. Press Enter to view files with this extension 
2 (a) Createa folder 'Games' on the Desktop. Inside this folder create three more folders namely 
‘Cricket’, ‘Football’, and ‘Tennis’. (2) 
Step 1. Right click on the Desktop 
Step 2. Click on the New option from the drop-down list 
Step 3. Click on the Folder option from the sub-list to create a New Folder on the Desktop 
Step 4. Type the name of the folder as Games 
Step 5. To create the folders ‘Cricket’, ‘Football’, and ‘Tennis’, double click on the Games folder 
to open it 
Step 6. Click on the New Folder button on the Menu Bar. Type the name of the folder as 
‘Cricket’ 
Step 7. Click on the New Folder button on the Menu Bar. Type the name of the folder as 
‘Football’ 
Step 8. Click on the New Folder button on the Menu Bar. Type the name of the folder as 
‘Tennis’ 
(b) Delete the ‘Football’ folder and again retrieve the folder at its original position. (2) 


Step 1. Double click on the Games folder on the Desktop to open it 

Step 2. Right click on the ‘Football’ folder and click on the Delete option from the drop-down 
list 

Step 3. Click on OK to confirm the deletion 

Step 4. Double click on the Recycle Bin icon on the Desktop 

Step 5, Locate the deleted folder in the Recycle Bin window that opens, and right click on it 

Step 6. To retrieve the folder, click on the Restore option from the dropdown list 
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3. Using UNIX / Linux operating system commands create the following tree: 


y 


i 


[ New Dali | a Kolkata | Mumbai 


Howrah Bridge Gateway of India 


Note; Here boxes denoting directories and oval-shapes are files. 


Hyderabad 


Step 1. Type the following in the UNIX prompt to create the directory CITY: 
mkdir CITY 

Step 2, Move into the CITY directory by typing the following: 
ed /CITY 

Step 3. Type the following in the UNIX prompt to create the directories ‘New Delhi’, 'Kolkatar 
‘Mumbai’, 'Hyderabad' under the CITY directory 
mkdir NewDelhi Kolkata) Mumbai Hyderabad 

Step 4. The cat command can be used to create the following files under the directories: 
cat > /CITY/NewDelhi/IndiaGate.txt 


Step 5. Press Enter. Type any text in the file and press Enter followed by Ctrl+D to save and 
close the file 


Step 6. Next type the following: 
cat > /CITY/Kolkata/HowrahBridge.txt 


Step 7. Press Enter, Type any text in the file and press Enter followed by Ctrl+D to save ang 
close the file 


Step 8. Next type the following: 
cat > /CITY/Mumbai/GatewayOfindia. txt 


Step 9. Press Enter. Type any text in the file and press Enter followed by Ctrl+D to save and 
close the file i 

Step 10. The cat command can be used to create the following files under the directories: 
cat > /CITY/Hederabad/RamojiFilmCity. txt 

Step 11. Press Enter. Type any text in the file and press Enter followed by Ctrl+D to save and 
close the file. 


4. (a) Show the list of all current users using Unix/Linux command. (1) 
Step 1. Type the following command and press Enter to display the current users: 
who 
(b) Create a file named 'NDIA' which will contain "| love my country" using suitable command in 
Unix/Linux. (2) 
Step 1. The cat command can be used to create the file as shown below. Type the following 
under the Unix prompt: 
cat > INDIA. txt 
Step 2. Press Enter and type the following text: "| love my country" 
Step 3. Press Enter followed by Ctrl+D to save and close the file 


(c) By using Unix/Linux command, show the present working directory and system date. (2) 


Step 1. To display the present working directory type the following command in the Unix 
Prompt: 
pwd 


Step 2. Type the following under the command prompt to display the system date: 
date 
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1. Write 2 program in C language to check an integer number whether it is even 
should be given as input except! zero. 


Step 1. 


Step 2. 
Step 3. 


sents of Computer ~~--——- 


Question 


GROUP -B 
Part -1 


wer any one from the following 


Ss 


OF Odd. The memes 


Step 1.Open the C programming IDLE flike Turbo C / DevOs4) and type the piven 


code in a new file: 


/*2016 Par Programit/ 
#anclude<std: > 
void 


zero): *); 
scanf("td", 
if (numt2=0) 
printf("\nNomber is even..."); 
else 
printf("\nNumber is odd..."); 
££lush (stdin) ; 
getchar (); 
} 
Save the file as part1_P1.C and compile it 
Run the program after compilation. 


2 Write 2 program inc language to take two strings 2s input and concatensie them. 


Step 1. 


Step 2. 
Step 3. 


Open the C programming IDLE and type the ipliowing cone im 2 now Tie 
/*2016 Part-1: Program2*/ 
#include<stdio.h> 
#include<string.b> 
void main() 
{char stri[#0], str2[20]; 
printf ("\nEnter first string: "); 
gets (str1) ; 
printf£("\nEnter second string: "); flesh (stdin)- 
gets(str2); 
streat(str1, stxr2); 
printf("\nThe concatenated string is:\n"); 
puts (stri); 
££lush (stdin) ; 
getchar(); 
) 
Save the file as part1_P2.C and compile & 
Run the program after compilation. 


2. Write a program in C language to check an integer number whether it is prime or not. The number 
will be taken as input. 


Step 1. 


Open the C programming IDLE and type the following code in 2 mew file 
/*2016 Par_-1: Program3*/ 
#include<stdio.h> 
void main() 
{int num, i, flag=1; 
printf ("\nEnter an integer: 
scanf("$d", énum) ; 
for (i=2; i<num; i++) 
{if(numti = 0) 
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Part | 


(f1ag20; 
break; 
) 
) 
if (Clage=1) 


printé("\nPrime number, ..") ; 
else 

printf ("\nNot a prime number, ,.") / 
flush (stdin) ; 
getohar() ; 


) 
Stop 2. Save the file as part!_P3.C and compile it 
Step 3. Run the program after compilation, 


4. Write a program in C language to make the following pattern: 


Step 1. Open the C programming IDLE and type the following code in a new file: 
72016 Part-1; Program4*/ 
#include<stdio.h> 
void main() 

{int i, 37 
for(i=4; i>=0; i--) 
{for(j=1; j<=i; j++) 
printf ("* "); 
printé("\n") ; 
) 
££lush (stdin) ; 
getchar() ; 
) 
Step 2. Save the file as parti_P4.C and compile it. 
Step 3. Run the program after compilation. 


Part - Il 
Answer any one from the following : 10x1=10 


1. Write a program in C language which will take an array of 5 numbers and find out the largest 
and smallest numbers of that array. 


Step 1. Step 1. Open the C programming IDLE and type the following code in a new file: 
/*2016 Part-2; Programl*/ 
#include<stdio.h> 
void main() 
{int arr{5], i, max, min; 
for(is0; i<5; itt) 
(printf ("\nEnter array value[td]: ", i) 
scanf("td", Garr[i]); 
) 
max = arr[0]; 
min = arr[0]; 
for(i=0; i<5; i++) 
{if (arr[i] >max) 
max = arr[(i); 
Af (arr[i]<min) 


P1-Q-24 494 


S@ience 
of Computer Science 
gisents Question 


min = arr[i]; 
} 
printf ("\nMaximum = %d, Minimum = $a", 
fflush (stdin) ; 
getchar(); 
} 
Step 2. Save the file as part2_P1.C and compile it 
Step 3. Run the program after compilation. 


max, min); 


2 Write a C program which can print the following series: 0, 1, 1, 2, 3, 5, ..., n (Fibonacci series). 
Value of n will be input from user. 
Step 1. Open the C programming IDLE and type the following code in a new file: 
/*2016 Part-2: Program2+/ 
#include<stdio.h> 
void main() 
{int i, num, tl=0, t2=1, t3=0; 
printf("\nEnter the last term value: "); 
scanf("%d", num); 
while( t3 <= num ) 
{ printé("\ntd", 3); 


tl = t2; 
t2 = t3; 
t3 = tl+t2; 


} 
£flush (stdin) ; 
getchar(); 
) 
Step 2. Save the file as part2_P2.C and compile it. 
Step 3. Run the program after compilation. 


= Write 2 program in C language to convert all the lowercase letters in a sentence to the 
corresponding uppercase letters. 
Step 1. Open the C programming IDLE and type the following code in a new file: 
/*2016 Part-2: Program3*/ 
#include<stdio.h> 
void main() 
{char str[80]; 
int i; 
printf ("Enter sentence..."); 
gets (str) ; 
for(i=0; str[i]!='\0'; i++) 
{i£(str[i]>=97 6& str[i]<=122) 
str[i] = str[i]-32; 
} 
printf("\nThe modified sentence is:\nts", str); 
££1lush (stdin) ; 
getchar() ; 
} 
Step 2. Save the file as part2_P3.C and compile it. 
Step 3. Run the program after compilation. 


4. Write a program in C language to add two 3x3 matrices and store into another matrix and as 
well as display. 
Step 1. Open the C programming IDLE and type the following code in a new file: 
/*2016 Part-2: Programi*/ 
#include<stdio.h> 
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main 

eer meuntartits matB(3] [3], sum(3] BI, ea 

for (i=0; i<3; itt) fi 

(for(4=0; 4<37 J++) 

{printf ("\nEnter value Atadl{ 
scanf("$d", &matA[i] (4]); 

) 7 nit eg 


) 


gor tie; 123) 4) a nn 
{for(3=0; 4<3; 94+) vot TA 
(printf ("\nEnter value B[%d] a 
scanf("%d", &matB(i}[j]); — 
) 
) 


printf ("\nThe Sum Matrix 
for(i=0; i<3; i++) 
{for(3=0; j<3; j++) | 
(sum[i][j] = matali], 
printf ("\ted", sum[i](3]); 
) 
printé("\n") ; 
) 


fflush (stdin) ; 
getchar () ; 
} tenhcy 

al the file as part2_P4.C and compile 


uns, program, attr completo es 


Step 2. 


QUESTIONS OF ANNUAL EXAMINATION, 2016 
COMPUTER SCIENCE 
CLASS - XI 
New Syllabus 


qual qime ) 3 Hours 15 minutes | | Full Marks : 70 
v 


1 


Special credit wil be quwen for answers which are brief and to the point. 
Marks will be deducted for spelling mistakes, untidiness and bad handwriting. 
Figures in the marqui mdicate full marks for the questions. 


GROUP -A 
Answer the following questions (MCQ type) : 1*2)=21 
(i) ROM isa 
(a) Primary Memory (b) Secondary Memory 
(ce) Magnetic Memory {d) Flash Memory 
(ii) Which of the following is not an Impact Printer? 
(a) Inkjet Printer {b) Dot Matrix Printer 
{c) Line Printer {d) Drum Printer 
(iil) (749 * ly 
(a) (111100), (b) (1101010), 
(c) (1001010), {d) None of these 
{iv) 9'8 complement of (123))5 is 
(a) 867 (b) 786 (c) 876 (d) 678 
(v) Which of the following gates is an Universal Gate? 
(a) OR Gate (b) NOR Gate {c) XOR Gate Ad) AND Gate 
(vi) AALe? 
(a) 0 (b) 1 (c) A (d) A 
(vii) How many selection lines are there in a 4 © | MUX ? 
(a) 1 (b) 4 (c) 2 {d) 3 
(vill) A. (A + B) = 2 7 
(a) 0 (b) 1 (c] A (d) AB 
(ix) The number of rows in the truth table of a Boolean formula involving four logical variables is 
(a) 4 (b) 8 {c) 16 (d) 32 


(x) The full form of POS is 
(a) Product of Sum (b) Productor Sum — (c) Producton Sum (d) None of these 


(xi) The dual of the Boolean expression A + C is 


(a) AC (b) A.C (c) ac (a) A+C 
(xii) To remove a file in Unix, which command is used ? 

(a) delete (b) 1m {c) del (d) rd 
(xiii) One of the external commands of DOS is 

(a) MOVE (b) DIR (c) DEL {d) COPY 
(xiv) Which one of the following is not a keyword in C language ? 

(a) do {b) goto {c) case (d) automatic 
(xv) What type of operator is ‘&&’ in C language ? 

(a) Logical operator (b) Relational operator 

(c) Arithmetic operator (d) Conditional operator 
(xvi) Which of the following is used to represent the new line character in C language ? 

(a) \t (b) \n () \o (d) \u 
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(xvii) Which header file is included for clrser() and getch( ) functions ? 


(xviii) Which of the following is a Ternary operator ? 


(xix) 


(xx) 


(a) math.h (b) ‘stdiosh (c) stdlib.h (d) conio.h 
(a) ?& (b) 28 (c) ? (d) > 

int. a, b 

a=5, b= 10; 

azttat b+; 

print (“%d", a) 5 

Write the correct output 

(a) 15 (b) 16 (ce) 17 (a) 5 
Which of the following is Exit controlled loop ? 


(a) for loop (b) while loop (c) do-while loop (d) All of these 


(xxi) Which of the following statements is used to create a structure ? 


(a) struc (b) struct (c) structr (d) stret 
GROUP -B 
2. Answer the following questions in brief (Alternatives are to be noted) : 1* ja. 
(i) What is the full form of MICR ? “14 
OR 
State one difference between Analog Computer and Digital Computer. 
(ii) (AL2))5 = Plo 
OR 
(10110)) = P)g 
(iii) With the help of Boolean laws, prove that 
x+ xy + xyz = x. 
OR 
Simplify: f=xy+xy+y 
(iv) What do you mean by Multiprogramming ? 
OR 
Write a function of an Assembler. 
(v) Write the names of two functions used for inputting character data in C language. 
(vi) Write the statement to print | to 10 in C language. 
OR 
How will you create an array of 10 numbers ? 
(vii) Write the syntax to make a user defined function in C language. 


OR 
Write a difference between Iterative function (Normal function) and Recursive function. 


(viii) What is the function of pow() ? 


(ix) 


(x) 


OR 
What is the function of sqrt() ? 
What is the difference between =’ and = =’ in C language. 
OR 
Write down the differences between ‘a’ and “a” in C language. 
Find out the output of the following C program + 
int main( ) 
{ 
INDAS f= ty 
for (t= 1;i<=x; i++) 


P=" 
printf ( “%d" , f) ; 
return (0) ; 
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(xi) What are an operator and an operand in C language % 


OR 


Write down the function of ‘break! statement in C Programming language, 


(xii) In € 


language, what happens when condition is not given in the “for” statement 4 
OR 


What is Dummy or Empty loop ? 
(xiii) Write two characteristics of Pointer 
(xiv) Write the significance of ‘structure’ in C language. 


OR 


Write one difference between ‘a & bi and ta bis b’. 


GROUP - C 
Ansive! the following questions (Alternatives are to be noted) : 746945 
(i) (a) State any four differences between SRAM and DRAM, 
(b) Write the functions of Data Bus and Address Bus, 
{c) Write the significance of OMR. 24 (2+2)+1 
OR 
(a) Write two features cach of Super computer and Mainframe computer, 
(b) Write two functions of Cache memory, 
(c What is Flash Memory ? 24 (242) +1 
(ii) (a) Add the following : (234), + (537),. 
(b) (456.123)g = (2),4. 
(c) Find out the 2's complement of (-20) 9. 24243 
OR 
(a) What is Signed Magnitude Number ? Give example. 
(b) (1110), - (1010)5, using 2's complement do the subtraction, 
(c) Multiply (10110), with (1101)p. 24342 
(iii) () Write the truth table of a full adder and find out the logic expressions of it using K-map 
and also draw the logic diagram. 
(b) Write two differences between Decoder and Encoder, ae + 24) +2 
OR 1d) 
(a) Prove De Morgan’s Theorem using truth table, 
(b) Make the truth table of a half-subtractor and derive the expression for difference and 
borrow with using K-map, 
(c) Make the truth table for the boolean function 
f(A, B, C) = Z (0, 2, 4, 7) 
and also derive the logic expression for the same. Did Otte 
(iv) (a) Define System Software with example. 
(b) What are cold booting and warm booting ? 
(c) Write the syntax of the following DOS Commands : 
DIR, EDIT. (2:4 1) 422 
OR 
(a) State two differences between high level language and low level language. 
(b) Write two differences between Compiler and Interpreter. 
(c) What is ‘Shell’ in UNIX ? Give example. 2+2+(2+1) 
(v) (a) Write a C program to check an integer number whether it is prime or not taken from 
user as input. ; f 
(b) What is relational operator in C ? Discuss with the help of an example. 4+3 
OR 
(a) Write a C program to print the following pattern : 
ee 
(b) Write a C program to add the digits of a number. 4+3 
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GROUP — A (Multiple Choice Questions) 


Question 1 


(i) (a) Primary Memory 
(ii) (a) Inkjet Printer 
(ii) (ce) 1001010, 
(iv) (c) 876 
(v) (c) XOR Gate 
(vi) (a) 0 
(vii) (c) 2 
(vill) (c) A 
(ix) (c) 16 
(x) (a) Product of Sum 
(xi) (a) AC (Correct answer should be AC. Option not given. closest answer is Ne 
(xi) (b) orm. 
(xill) (a) MOVE 
(xiv) (d) automatic 
(xv) (a) Logical operator 
(xvi) (b) \n 
(xvii) (d) conio.h 
(xviii) (¢) 2 + 
(xix) (b) 16 
(xx) (c) do-while loop 
(xxi) (b) struct 


GROUP - B 
Question 2 
(i) Full form of MICR is Magnetic Ink Character Reader 
OR 


Analog computers store data as continuous voltage signals and digital computers store data as 


discrete voltage levels. 
(ii) (101000010010), 


(ili) xX + xy + XYZ 
x(1+y+ yz) 
xT 

x 


nonuu 


OR 
f= ny txyty 
=x+y+x(y+1) 
=X+VtX 
ESE 
=t+y 
=1 
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Question 
ing means interleaved execution of two or More diffe 
r 


ent 
re ry the same computer independent jobs or 
og” OR 


sed to translate a program in Assembly | 
gembler is U '¥ language to machine language 
an ASM getehar () 
J ~10;i++) 
i 
(1 7 i cnved”, Dm 
OR 


i function-name (paramater list) 
1a 
int sum (int x,, int y) 
{ return X + yi) 
OR 
al function runs once to process data and returns the result in general. A recursive funet 
orm { one of more times to process data and returns the result, al 


el! 
calls its! 0 function is used to calculate the result of x’, 


. The Pow 9 
wi) Th Fad as: Z = pow (x, Wi 
Wis OR 
sqrt () function is used to calculate the square root of a number. It is used as Y = sqrt (x) 
e i F g 
Th ‘2 symbol represents an assignment operator and is used to assign the value of a variable 
T oho result of & calculation to another variable. 
ae 1. =' symbol represents the equality operator and is used to compare two values to see if 
are same oF not. 
they OR 


ig represents @ character type data and is 1 byte in size. “a” represents a string type data and 
actually is 2 bytes in size as it stores the two characters ‘a’ and '‘\0’. 


w) a expression 5 + 3, 5 and 3 are the operands and ‘+' is the operator. Thus operators work on 
ay operands to give some result. 
OR 
The break statement is used to forcibly come out of a loop. It is used inside a loop along with an 
‘if statement. It is also used to terminate a switch case. 
(xii) When a condition is not given in a ‘for’ statement then the loop repeats infinitely /e., forms an 
infinite loop. 
(xii) © A pointer is used to store the address of another variable 
+ An integer value can be added to a pointer 
(xiv) A structure can be used in the C language to create an user defined data type. Example : 
struct Point 


{int x, yi}; 
OR 
‘a & b' indicates bitwise logical AND operation between the two values stored in the variables a 
and b. : 
‘a && b’ indicates logical AND operation between the two expressions 2 and b. 
GROUP - C 
Question 3 


(i) (a) 
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SRAM 


ORAM 
No need to refresh at regular time interval 1, Needs to be refreshed at regular time intervals 
to retain data 
Packing density is low 2, Packing density is high 
Cost per bit is high 3, Cost per bit is low 
Used lo manufacture cache memory of a | 4. Used to manufacture main memory of computer | 


compute: 


$$ 


\) (b) Data Bus is concerned with transfer of data between CPU, memory and other hardware locations 
A 32 bit data bus can transfer 4 bytes of data at a time, 
Address Bus connects the CPU and the RAM and carries the memory address to activate a certain 
memory location in the RAM, 

(c) OMR stands for Optical Mark Reader. It is an input device used for optical mark recognition je 
to read data from pre-printed document forms marked by humans. It is used in areas like reading 
answer scripts with multiple choice questions. 

A user inputs the information by darkening circles marked on a pre-printed sheet using pencil 
The OMA device then automatically reads the marked circles. 


OR 


(i) (a) Two features of super computers ; 

+ Used mainly in Scientific and Research organisations for processing complex scientific data 
that require a huge processing power 

* The cost of a supercomputer is much higher compared to an ordinary computer 

Two features of mainframe computers : 

+ Mainframe computers can support several thousand users simultaneously i.., are multiuser 
systems. 

+ Mainly used in organisations that need to frequently access the same information and quickly 
process large number of transactions on-line. 

Two functions of cache memory are : 

+ — [tis a high speed memory that is used to temporarily store active data and instructions dunng 
data processing. 

* Cache memory increases the performance of the PC 

Flash memory is a solid state secondary memory storage device. It works similar to an EEPROM and 

uses a special CMOS transistor for storing data. Data can be stored, read, and erased from such 2 

memory. It is used in various applications like computer BIOS chip, pendrives, smart media etc. 


(iii) (a) (234), + (537), 


(b} 


(c 


1 1 
A : ze Alternative : : ne 
4g 8 Process = e ere 
Baas fone + Sh 
by 
Ans. (773), 3 
(b) 
y | \ : eee 
0001 0010 Le 1000 
1 2 Be 2 9 8 
Ans. (12E.29 8)i¢ 
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(c) 2/20 
2| 10 rem 0 
2|_5 0 
2) 2 1 
2| 1 0 
0 1 
- 2049 =- 10100, 
In 8 bitform 00010100 [+20 in sign magnitude ] 
| 1's complement 
1 
11101014 [-20 in 1's complement form] 
| +1 
11301) 1100: {-20 in 2's complement form ] 
(ii) OR 


(a) In a Sign Magnitude Number the MSB of the number represents the sign of the number and 
the remaining bits represent the magnitude of the number. If the number is +ve, the sign bit 
is taken as 0. If the number is —ve, the sign bit is taken as 1. 


Example : + 101 1 1, in sign magnitude representation in 8 bits 


=100010111 


— 10111 in sign magnitude representation in 8 bits 


=|10010111 


t—— 
Sign bit Magnitude 


(bo) 1110,-1010 


= 1110 + (2's complement of - 1010) fle 
= 1110 + 0110 1010 
4 1's complement 
; ; 10 0101 
0). 1H 10) +1 
100 Ans. (100), 0 1 1 0 (2's complement) 
(c) di OM Tae ie: 
reel Ome: 
AlucOm teiwo. 
4 0010" 0) 0x 
figs dente Ol xa 
470110xxx 
FHOMONOS tate Ans. (100011110), 
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Part 1 


(iil) (a) Truth Table of Full Adder 


A B Cc Sum Cout Min sum Min Cout 
0 0 0 0 0 

0 0 1 1 0 ABC 

o 4-0 1 0 ABC 

i. ae ea 0 1 ABC 
1 0 0 1 0 A B fe 

Mg ee tl 0 1 ABC 
a ie gd a) 1 ABC 
cee ee 1 1 ABC ABC 


Sum = ABC +ABC+ ABC + ABC 
Coul= ABC +ABC+ABC + ABC 


Sum 
Ne BC | Bo |/'sc | BC 
A 1 1 
A 1 1 
S= ABC+ABC+ABC+ ABC Cout= AB+BC+AC 
=A@®BOC 

AIRS AAC 

(el sum 

¢ 
¢——_ Cout 
o— 


‘ 


Circuit for Full Adder. 
(b) DIFFERENCES 


Decoder Encoder 


1. Converts binary data to decimal or other base | 1. Converts from other base or decimal to binary. 


2. An n-to-m encoder can encode at the most n= 
2™ numbers to m binary bits. 


2. An n-to-m decoder decodes n input bits to m = 
2” output bils 
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gual 


ments of COM 


(ii) OR 


(a) 


(b) 


puter Science 


Question 


Wii®ee 4. & 8 Pr yey 
A B A B A+B A+B 4.8 A.B AB A+B 
Gar Oirgt i! 0 1 il 0 1 1 
o 4 1 1 0 0 0 1 1 
Teypic 0 =1 1 0 0 0 1 1 
1-4-0). 9 1 0 0 1 0 0 
From columns 6 and 7 we find that A+B = A.B 
From columns 9 and 10 we find that AB = A+B 
Half Subtractor Lee 
Diff. K’ Map Borrow K’ Map 
x y diff | borrow Ww yly N yly 
0 0 0 0 = 1 = 
x 
0 1 1 1 a x{ © 
{ 0 1 0 al *) tual 3 
1 1 0 0 ee a 
D=xy+xy B= xy 
f= (0, 2, 4, 7) 
A B Cc f Min 
0 0 o | 1° ABC 
0 0 1 0 
0 1 UF ene WENo; 
0 1 1 ) 
1 0 Oo} 1 | aBe 
4 0 1 0 
1 1 0 0 
1 1 1 1 ABC 


{iv) (a) System software include software that are used to run a computer and manage its different 
resources. These software interact with the hardware to make it work, The operating system 
is the most important system software. It acts as a link between the hardware and the user. 


(b) 


(c) 


When the computer is powered on then the booting that takes place is called cold booting. It 
involves the power on Self Test to check the RAM, I/O Devices and the microprocessor followed 
by loading the operating system. 


During warm booting the computer is restarted using the Ctrl + Alt + Del key combination. 
Warm booting skips the Power On Self Test (POST) and loads the operating system files. 


DIR = C:\>DIR C:\ Temp 
EDIT > C:\>EDIT C:\ Temp \ Myfile.txt 
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a 


OR 


—=——— — — 
| 8) High Level Language he Low Level Language 
| — 
1. Language more close to human language 1. Language more close fo machine OF hardwary 
1 is easier to write programs using a high level | 2. It is difficult to write programs using 4 low loves 
anguage language 
3. Example | C, C++, BASIC 3. Example © Machine language. 
— | 
{b) Compiler T Interpreter 
———----— — $< 
1. It translates the entire progrem before it is run | 1, It translates the program line-by-line and ning 
2. A compiled program has to be compiled only each line 
once and run as many times required 2. An interpreted program needs to be interprets 
everytime it is run. 
EE 


() 


(v) (a) 


(b) 


The shell serves as the user interface through which the user interacts with the 
system. It is the layer next to the Kemal, It acts as a command interpreter and manages the 
tunning of application programs. 
Examples of different UNIX shells include the Bourne Shell, the Korn Shell. 
include < stdio.h > 
void main ( ) 
{ int num, j, flag = 1; 
printf ("\nEnter number :"); 
scanf ("%d", &num); 
for (/ = 2; i < num; i++) 
{ if (num% i = = 0) 
{ flag = 0; 
break; 


} 


} 
if (flag = = 1) 
printf (“\n Prime number..."); 
else 
printf ("\n Not a prime number...”); 


) 


Relational operators are used to compare two values in C. There are six different relationay 
operators, The outcome of a relational operator is either True or False ie., produce a logical 
output. The different relational operators are. <,<=,>,>=,==,!= 
Example : 
int num ; 
printf ("\n Enter a number :"); 
scanf (“%d", &num) ; 
if (num % 2 = = 0) 
printf (‘\n Evan number”) ; 
alse 
printf ("\n Odd number’) ; 
The above code compares the result of num %2 with the value ‘0’ for equality, If the remainder 
is ‘0' then the result is True. If the remainder is ‘1’ then the result of comparison is False. 
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ci 
pv yaiments of Computer Science 4 
of (a) # include <stdio.h> Questi 


told nisin) 2 TM AKG AURA FTO RKOITaaUG 
Cinty jk “FORSISS SSTEIMOD We 
for(ieisic=4 Sey S@Ad9 Output 
rictick: b< saz thlpalisegy ae 
printf (“"" Wa 4 sand 
for (k= 15k < ah wean} : 


printl ("" 0") 5 
printt ("\n") 5 
sri 
} 
[Note : Here indicates a blank space } 


(b) #include <stdio.h> (tL0)) © ametnos Agquens ve-aioigl Costin teatuasr y eo Te 
maid’ nan | ‘ up (sata) { YesRnm OY syarl uoY aenoieanhin Many tee ae A 
{ int num, digit, sum = 0; , aded am 


dpibestowens Woy At egore ont lla Bi 
printf ("\n Enter number ...' nelte SKEESOG bra ‘een pn MN jeofl rapa st Ay 


scant (““%d", &num); srard Stststs): basa ane 4 ieraitocneeas adele: tlahd che 
while (num > 0) ine 
{ digit = num % 10; 
sum = sum + digit ; 
num = num / 10; 


} 


ees ec ieeit DAE JS 


pt gears Jed) 1H s5icqines 2oy Toeypo) 
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QUESTIONS OF ANNUAL EXAMINATION, 2017 
COMPUTER SCIENCE 
CLASS - XI 
(PRACTICAL) 
(NEW SYLLABUS) 


3 hours [ Full Marks 30 | 


Special credit will be given for answers which are brief and to the point. 
Marks will be deducted for spelling mistakes, untidiness and bad handwriting. 
Figures in the margin Indicate full marks for the questions. 


General Instructions 


) groups. Group-A contains 4 (four) questions, Group-B contains 2 (two) parts, each Containing 
ons. You have to answer 1 (one) question from Group-A and 1 (one) question from each part oy 


* White all the steps in your answer-script which you have performed with the computer, 
Print all Mes, (! necessary and possible, otherwise write all files with partial data input and output in your ANSWer-Script 
+ Make suitable assumptions, if any, and tabulate them 


GROUP - A 
Answer any one from the following questions : Sxt25 


i, Carry out the following using the Windows operating system : 
(a) Make three folders in 'C' drive and give their names as ‘Science’, ‘Arts’, and ‘Commerce’. 
(b) Create a shortcut of ‘Science’ folder in the Desktop. 
(c) Make a folder named as ‘New Folder’ inside the ‘Arts’ folder and then move it into the 


‘Commerce’ folder. 24142 
2. (a) Create a folder of your name in the ‘D' drive of your computer. After that, rename the folder 
as ‘STUDENT’. 


(b) Set Screensaver of your choice in your computer and set the waiting time as 30 minutes. 
(c) Change the taskbar location of MS-Windows of your computer to the right side of the screen. 


24241 
3. Do the following tasks using Unix / Linux command : 


(a) Using Editor, make a file named as ‘Sample file’, 

(b) OFF the ‘Write’ permission of that file. 

(c) Move that file to inside of any folder, 24241 
4. (a) Show the list of all current users using Unix/Linux command. 

(b) Using Unix/Linux command, create a directory ‘X!-Final’ under your current directory. 

(c) Using Unix/Linux command, rename the folder ‘XI-Final’ as ‘Xi-Lab’. 


2+241 
GROUP - B 
PART -1 

Answer any one from the following questions : Sx1=5 

* Algorithm / Flowchart : 2 

* Program coding in ‘C’ language ; 2 

* Execution and output : 1 
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ooumen 
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s of Computer Science Question 


Write a program in ‘C' language to find out the summation of 1 to n integers (value of n should be 
taken as input). 5 
Write a program in ‘C' language in which digits of an inputted number are printed in reverse 


By using ‘C’ language write a program which will convert an inputted text / word into uppercase. 
The program should also display the converted text. 5 


Write @ program in ‘C’ language to make the following pattern : 


{ 
A422 
1 2 3 
My age Siu 4, 
pvert Cbyptver, ptet } 5 
v 
PART - Il 
answer any one from the following questions : 10% 1=10 
+ Algorithm / Flowchart : 4 
« Program coding in ‘C' language : 4 
« Execution and output : 2 
4. By using ‘C’ programming language write a program which will display all the prime numbers 
between 1 to 100. 10 
2. Write a program in ‘C’ to convert a decimal integer to its equivalent Binary. The decimal integer 
should be fed through keyboard. 10 
3. Write a program in ‘C’ language to find out the x” using recursive function where x and n are two 
integers, should be taken as input. 10 
4, Write a ‘C' program which can accept a sentence from user, count the vowels in it and show the 
total number of vowels present in that sentence. 10 
GROUP - C 


Laboratory notebook 


oy 


GROUP - D 


Viva-voce 5 
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Answer any one from the following 


COMPUTER SCIENCE PAPER SOLUTION 
CLASS - XI 
2017 Practical Examination 


GROUP - A (Multiple Choice Questions) 


5x1=5 


1, Carry out the following using the Windows operating System: 


(a) 


(6, 


(c) 


2. (a) 


(b) 


P1-Q-40 


Make three folders in 'C' drive and give their names as ‘Science’, ‘Arts’, and ‘Commerce’. 

Step 1, Double click on the Computer icon on the Desktop 

Step 2. In the window that opens showing the different drive names, double click on the C 
drive icon 

Step 3. In the window that opens, right click on the white space in the right side pane 

Step 4. In the dropdown list that opens, select the New option 

Step 5. In the sub-list that opens, click on the Folder option to create a New Folder 

Step 6. Type the name of the folder as ‘Science’ and click anywhere outside the folder name 

Step 7. Repeal steps 3 to 6 to create two more new folders and name them as ‘Arts’ ang 
‘Commerce’. 

Create a shortcut of the ‘Science’ folder in the Desktop. 

Step 1. Right click on the Science folder and select the Send to option from the dropdown 
list. 

Step 2. In the sub-list that opens, select the Desktop (create shortcut) option to create 3 
shortcut of the ‘Science’ folder on the Desktop. 

Make a folder named as 'New Folder’ inside the ‘Arts’ folder and then move it into the ‘Commerce’ 

folder. 

Step 1. Double click on the newly created 'Arts' folder to open the 'Arts' folder window. 

Step 2. In the window that opens, right click on the white space in the right side pane 

Step 3. In the dropdown list that opens, select the New option 

Step 4. In the sub-list that opens, click on the Folder option to create a New Folder 

Step 5. Click anywhere outside the folder name to create the folder 

Step 6. Right click on the ‘New Folder’ icon and select the Cut option from the dropdown list 

Step 7. Click on the ‘Back to Local Disk (C:)' blue arrow button at the top left corner of the 
window to get back to the C drive. 

Step 8. Double click on the ‘Commerce’ folder name to open the ‘Commerce’ folder. 


Step 9. Right click on the right side window pane and select the Paste option to move the 
New Folder from Arts to Commerce folder 


Create a folder of your name in the D: drive of your computer. After that, rename the folder as 
‘STUDENT’. Q) 
Step 1. Double click on the Computer icon on the Desktop 


Step 2. In the window that opens showing the different drive names, double click on the D: 
drive icon 


Step 3. In the window that opens, right click on the white space in the tight side pane 

Step 4. In the dropdown list that opens, select the New option 

Step 5. In the sub-list that opens, click on the Folder option to create a New Folder 

Step 6. Type the name of the folder as ‘Avik' (i.e. type your own name here) and click 
anywhere outside the folder name 


Step 7. Right click on the newly created folder name. From the dropdown list that opens select 
the Rename option 


Step 8. Re-type the folder name as 'STUDENT' and click outside the folder icon 
Set Screensaver of your choice in your computer and set the waiting time as 30 minutes. (2) 


Step 1. Right click on the Desktop and click on the Personalize option from the dropdown 
list that appears 


Step 2. From the Personalization window that opens, select the Screen Saver option from 
the bottom 


$10 


> 


iment of Computer Science oaeaits 
pu 
Step 3. The Screen saver window opens. Select the Bubbles option from the Screen saver 
list box P 
Step 4. Under the Wait Time box type the time as 30 
Step 5. Click on Apply to apply the screen saver 
(c) Change the taskbar location of MS Windows of your computer to the right side of the screen 
(1) 
Step 1. Right click on the Taskbar at the bottom of the screen 
Step 2. Choose the Properties option from the drop down list that appears 
Step 3. The Taskbar and Start Menu Properties window opens 
Step 4. Under the Taskbar appearance section, click on the list beside the Taskbar location 
on screen 
Step 5, Select the Right option and click on the Apply button to move the Taskbar to the 
tight of the screen 
3. Do the following tasks using UNIX / Linux command: (2) 
(a) Using Editor, make a file named as ‘Sample file’. 
Step 1. Open the vi editor in UNIX to create the file ‘Sample file’ by typing the following: 
$ vi SampleFile 
Step 2. Type i to type any text in the file 
Step 3. Press Enter followed by Esc to get back to the command mode 
Step 4. To save the file, type : wq! And press Enter to save and exit the vi editor 
(b) OFF the ‘Write’ permission of that file. (2) 
Step 1. Type the following under the command prompt: 
$ chmod 555 SampleFile 
(c) Move the file to inside of any folder. (1) 
Step 1. Type the following under the command prompt to move the file to the usr directory 
$ mv Sample File / usr 
4. (a) Show the list of all current users using Unix/Linux command. (2) 
Step 1. Type the following command to display the current users: 
$ who 
(b) Using Unix/Linux command, create a directory 'XI-Final' under your current directory. (2) 
Step 1. Type the following under the command prompt: 
$ mkdir XI-Final 
(c) Using Unix/Linux command rename the folder ‘XI-Final’ as ‘XI-Lab’. (1) 
Step 1. Type the following under the command prompt to move the file to the usr directory 
$ mv XI-Final X!-Lab 
GROUP - B 
Part - 1 
Answer any one from the following : §x1=5 


1. Write a program in C language to find out the summation of 1 ton integers (value of n should be 
taken as input): 
Step 1. Open the C programming IDLE (like Turbo C or DevC++) and type the following code 
in a new file: 
/*2017 Part-1: Programl*/ 
#include<stdio.h> 
int main() 
{int n, i, sum=0; 
printf("\nEnter any integer: "); 
scanf("%d", Gn); 
for(i=1; i<sn; i++) 
sum = sum + i; 
printf("\nThe required sum is %*d", sum) ; 
fflush (stdin) ; 
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Part | 


getchar () 

return 0; 

) 
Step 2. Save the file as parl!_P1.C and compile it 
Step 3. Run the program alter compilation 


2, Write a program in C language in which digits of an input number are printed in reverse: 
Step 1. Open the C programming IDLE and type the following code in a new file 
/*2017 Part-1: Program2*/ 
Winclude<stdio,h> 
int main() 
{int num, digit; 
printf ("\nEnter any integer: "); 
scanf ("%d", num) ; 
while (num>0) 
{digit = num$10; 
print£("d", digit); 
num = num/10; 
) 
fflush (stdin) ; 
getchar () ; 
return 0; 
) 
Step 2. Save the file as part1_P2.C and compile it. 
Step 3. Run the program after compilation. 
3. 


By using C language write a program which will convert an input text/word into uppercase. The 
program should also display the converted text. 
Step 1. Open the C programming IDLE and type the following code in a new file: 
/*2017 Part-1; Program3*/ 
#include<stdio.h> 
int main() 
{int i; 
char sent[80]; 
printf£("\nEnter a word or sentence: "); 
gets (sent) ; 
for(i=0; sent[i]!='\0'; i++) 
{if( sent[i] >=97 && sent[i] <= 122) 
sent(i] = sent[i] - 32; 


) 
printf("\nThe modified text is;\nts", sent); 
f£lush (stdin) ; 
getchar() ; 
return 0; 
) 
Step 2. Save the file as part!_P3.C and compile it. 
Step 3. Run the program after compilation. 


4. Write a program in C language to make the following pattern: 

1 

lie 

123 

1234 

12345 

Step 1. Open the C programming IDLE and type the following code in a new file: 
/*2017 Part-1: Program4*/ 
#include<stdio.h> 
int main() 

{int i, 37 
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peered 

' 


Fe lvah Cebit . 
Gatohar() ws 
return 0 
H 
Bie @ Have the fo we pail PAK anit Gone A — 
Biop 9, Aun the jrogean ater complain (a 
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Hoe 
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iw 


Mop t,  Open the © programy OLE and ype the following eoule ina now tile 
8201) Pack 2) Peegeamlt/ 
Wineludesetdia te 


AH Warn’) al 
(ant naw, by Ohagy ' 
foe (yumel) pamerOO) qumer) 

(Plage) 
for (bed) Aeenwm/ ey kee) ’ : 

(Lr (numbi ee 0) ~? ee 
(aged) iat... § 
break) aspen 
) _ Money = 

} 

at (flageel) m. 

peante("\ned, nump 

) ie ween of 

ff Lush (atdin) | th. ae 
getohar()) 
return 0) 


) 
Step 2. Save the file ae parle PYG and e 
Step 3, Aun the program aller eompilalion, 


| 2 Write a program in’'C’ to convert a decunal integer to ite | 
| ites. caves Laman {Themen 


way pope ne “a 
ee 


& AW! 


fflush (stdin) 
getchar () 
return 0 
) 
Step 2. Save the file as parla P2,C and compile it 


Step 3. Run the program alter compilation 
Write @ program in 'C' language to find out x” using recursive function where x and n are Iwo inte, 
should be taken as input. ery 


Step 1. Open the C programming IDLE and type the following code in a now file 
/*2017 Part-2: Program3+/ 
#include<stdio, h> 
int power(int x, int n) 
fant p; 
if (n==0) 
return 1; 

p = x * power(x, n-1); 
return p; 
) 

int main() 
{int n, x, pow; 
printf ("\nEnter base value: ri 
scanf("$d", &Xx); 
printf ("\nEnter index value: "); 
scanf("$d", &n); 
pow = power (xn); ‘ 
printf ("\nRequired power = $d", pow); 
fflush (stdin) ; 
getchar(); 
return 0; 
) 

Step 2. Save the lile as part2_P3.C and compile it, 
Step 3. Run the program after compilation. 


4. Write a ‘C' program which can accep! a sentence from the user, count the vowels in it and show the 
total number of vowels present in that sentence. 


Step 1. Open the C programming IDLE and type the following code in a new file: 
/*2017 Part-2: Program4*/ 
#include<stdio.h> 
int main() 

{int i, j, count=0; 
char sent[80], vowel{] = "AEIOUaeiou"; 
printf ("\nEnter a sentence; "i 
gets (sent) ; 
for(i=0; sent{i]!='\0'; i++) 
(for (j=0; vowel[j]!='\0'; 3++) 
if(sent(i] == vowel(3]) 
{count++; 
break; 


) 


) 

print£("\nTotal vowels = 4d", count) ; 

£f1lush (stdin) ; 

getchar() ; 

return 0; 

) 
Step 2. Save the file as parl2_P4.C and compile it. 
Step 3, Run the program alter compilation, 
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COMPUTER SCIENCE 
CLASS - XI 
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| Time 3 Hours 15 minutes | 
a 


| Full Marks : 70 


Special credit will be given for answers which are brief and to the point. 
Marks will be deducted for spelling mistakes, wuidiness and bad handwriting 


Figures in the margin indicate full marks for the questions, 


GROUP -A 


answer the following questions (MCQ type) : 


{ij The technology of third generation computer is 


{a} Vacuum Tube (b) LSI (e) IC 
fi] Which of the following is not an Input Device ? 

(a) OCR : (b) CRT (c) OMR 
fi) At), =P), 

(a) 15 (b) F (c) E 
iv), The BCD of (24) ,, is 

(a) 10100 (b) 00100100 (c) 101001 


1*21=2) 


(d) VLSI 


(d) MICR 


(d) D 


id) 10010100 


jv) The complement of product of two variables is equal to the summation of their individual 


complements.’ 
Which of the following operation satisfies the statement ? 


(a) AB=AB b) AB=A+B (c) AB=A+B (4) AFB=A+B 
(vi) How many NAND gates are required to form an OR gate using NAND gate ? 

(a) 3 b) 4 ic) 2 (d) 5 
vi) +9 =? 

(a) x+y (b) X+9 c) xy (d) &7 
{viti) How many values can be placed at most in a three variable K-Map ? 

(a) 7 b) 8 c) 3 (d) 6 
{ix} Maxterm is denoted by 

fa) = b) Q (c) 0 (d) x 
{x) In Boolean algebra, F (a, b, c) = Z(0, 4, 7) is same as 

(a) x(1, 2, 3, 5, 6) (b) (0, 4, 7) ic) 7(0, 2, 4, 6) (a) x(1, 3,5, 7) 
(xi) In Boolean Algebra, AC + AB Cis equal to 

(a) AB b) BC (c). AC (d) A+ BC 
{xii) Which of the following is not a GUI operating system ? 

(a) MS-DOS (b) MS-Windows (c) UNIX (d) None of these 
(xiii) The command to make a file in UNIX operating system is 

(a) mkdir (b) cat (c) copy con (d) Is 
(xiv) Which of the following is not a primary data type in C? 

fa) float (b) enum (c) char (d) double 
(xv) Which of the following is a valid variable name in C language ? 

(a) a-1 (b) la (c) al (d) l-a 
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art 1: Question Papers 


(xvi) Which of the following is equivalent to if-else statement ? 


a)? (o) 2 le) ca 
(xvii) Which of the following is a valid array in C language ? 
(a) [a@] (b) a() (ce) a[5| (d) a[ =| 


(xviii) In C language which of the following is a user defined function ? 


(a) print() (b) scant) (c) gets( ) (d) main( ) 
(xix) main{ ) 

{inta=1,b=5; 

while (at+ < 5) 
{ bt+ 

print! | "%d", b); 

getch( ) ; 

Here the value of b will be 

(a) 7 (b) 8 (c) 9 (d) 10 
(xx) main(} 

fintt; 

for (i=l; i<=5; itt) 

printf (“Yod", t) 5 

. t+ 
getch( NG 


“Here the output will be 


(a) 1234 (b) 12345 (c) 2345 (a) 234 
(xxi) (23), © (290 = Pho 
(a) (10), (b) (19), (c)_ (6),, (d) 0 
GROUP - B 
2. Answer the following questions in brief (Alternatives are to be noted) : 1*14=14 


(i) What do you mean by data processing ? Give example. 

Or, Write two features of Non-impact Printer. 

(ii) (74), - (47), = (Phy. 

Or, (1011.10), x (11), = (2), 

(iii) What is Don’t Care Condition in Boolean Algebra ? 

Or, Prove that, x+1=1, 

(iv) What is spooling ? 

Or, What do you mean by buffering ? 

(v) What is Algorithm ? 

Or, Write two features of flowchart. 

(vi) Write two difference between while and do while loop. 

(vii) What is the role of getch() in C language ? 

(viii) Write the significance of Header file, 

Or, What is Library function ? 

(ix) Write the Syntax of else-if ladder in C language. 

(x) Write the Syntax to take the data elements as input in'a 2 x 3 array, 
Or, How can you declare a string variable ? Show by an example. 


P2-Q-46 516 


oaurents of 
(xi) inva 
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prin’ 


Computer Science 


0, 


rel ies Sy rt) 


azati; 


ue ("%d", a): 


Find out the valve of @ 


{aii} Give an example of an Infinite loop. 
{siii) What are the different storage classes in C language ? 
Or, What is Recursion ? 
tiv) What do you mean by ‘at and +a"? 
GROUP - C 
Answer the following questions (Alternatives are to be noted) ; 7*5=35 
fi) (a) Write bvo functions of ALU 
(b) Discuss Laser Printer in short. 
(c) Write a short note on Barcode Reader. 2+3+2 
or, (a) Write three characteristics of second generation computers, 
(vb) Write two differences between Data and information. 
(c) Write a short note on DVD. 3+2+2 
(ii) (a) Subtract the following : (AB6E),, - (C2DF),,. 
(b) (12A7.13),, = (?), 
(c) (1011), + (1101), = (2). 3+2+2 
Or, (a) Subtract the following using 1's complement method ; 
(1101),-(1001) 
(b) What is ASCII code ? Give example. 
{c) Find out the Gray code of (1101),. 3+2+2 
(iii) (2) Why NOR gate is called universal gate ? Prove it. 
b) Write down the truth table of full substractor and draw the logic diagram of it. 
(c) Simplify : 
F=(A+B+C)(A+B+C)(A+B+0)(A+B+C) 9+3+2 
Or, (a) Draw the block diagram of 4 « 1 MUX. 
b) F=(A+B).(A+8), find out the F. 
(c)_ Prove that SOP = POS (Show by an example). 2+2+3 
{iv) (a) What is time sharing OS ? Give example. 
b) What are the functions of virtual memory ? 
ic) Write down the function of the MS-DOS ‘ATTRIB’ command with example. 
Or, (a) What do you mean by batch file in MS-DOS ? 
(b) What is Multiprocessing OS ? Give example, 
(c) Give the example of Wild Card character in UNIX OS and also write the advantages, 
Q+3+2 
(v) (a) What do you mean by Entry controlled loop in C language ? Give example, 
(b) (25),, & (19),, = (hy 
(c) Write a program in C language to check a number is Palindrome or not, Q+1+4 
Or, (a) Write the Syntax of Nested if statement. 
(b) (21),5 1 (19), = Pls 
(c) Write a Program in C language to print the following pattern ; at+lt4 
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COMPUTER SCIENCE PAPER SOLUTION 
CLASS - XI 
2017 Annual Examination 


GROUP -A 


1 Answer the following questions (MCQ type) : 


(i) (ce) Ic 
(ii) (b) CRT 
(iii) (b) FF 
(iv) (b) 00100100 
(v) (b) AB=A+B 
(vi) (a) 3 
(vil) (c) xy 
(viii) (b) 8 
(ix) (d) ox 
(x) (a) (1, 2, 3, 5, 6) 
(xi) (c) AC 
(xil) (a) MS-DOS 
(xiii) (b) cat 
(xiv) (b) enum 
(xv) (ce) at 
(xvi) (b) 2: 
(xvii) (c) af5] 
(xviii) (d) main( ) 
(xix) (c) 9 


(xx) (b) 12345 
(xxi) (a) (10)4o [Not in syllabus] 


GROUP - B 


2, Answer the following questions in brief (Alternatives are to be noted) : 


(i) Data processing by a computer involves input, process, and output. The input part is used to input 
the data, process part involves modification of the data and the output part involves outputting the 
processed data. 


OR 
Two features of non-impact printers are : 
1. Non-impact printers do not have any hammering mechanism to apply ink on paper 
2. Non-impact printers are much less noisy than impact printers. 
(i) °7 145 
~4_ 7, 
2 53 


OR 1011.10 
x11 

7011110 
101110x 
400010105 


Ans : (100010.10). 


(ill) In case a particular input combination does not occur in a truth table, then the output of such an 
input combination is taken as don't care term. 
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(iv) The full form of spooling is simullaneous peripheral operations online. It is a technique used to 
solve the problem of speed mismatch between the processor and the peripheral devices like 
printers, keyboards etc, 

OR 


Buffering involves storing data temporarily while it is moved from one place to another. Bulfers are 
used when there is a difference between the rate at which the data is received and the rate at 
which it can be processed, 


An algorithm is a sequence of instructions to oblain a solution to a problem in a finite number of 
steps. 


OR 
Two features of flowcharts are : 


1. A flowchart gives a graphical representation of an algorithm with special symbols representing 
different operations. 


WV 


2. The same flowchart can be used with various programming languages /.e. a flowchart is 
independent of any programming language, 


vi) [ise Difference 


while do-while 


4. The loop condition is checked at the | 1, The loop condition is checked at the end. 
beginning 


2. The loop body may or may not run at all | 2. The loop body runs at least once 
depending upon the condition. 


| (vii) The getch( ) function is used to get a character data from the keyboard. It can be used to pause 
the program also. 


(viii), Header files are required when library functions are used in a C program. The header files provide 
the prototype of the library functions used. 
OR 
A library function is predefined and precompiled piece of code that can be used in a C program 
to carry out various specific operations, 

(ix) Syntax of else — if ladder : 


if (x= = 1) if (condition - 1) 
printf (“Value = 1") ; statement; 

else if (x = = 2) else if (condition - 2) 
printf (‘\n Value = 2") ; statement; 

else if (x = = 3) else if (condition - 3) 
printf ("\n Value = 3") ; statement; 

else else 
printf (‘\n Any other value”) ; statement; 


(x) for (i= 0; 1< 2; i++) 
{ for ( {= 0; / <3; j++) 
{ printl(\nEnter value ; "); 
scanf(“%od", & mat | /] { / J; 
) 
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GROUP = 6 


4 Anawer the following queationa ; (Alternatives are lo be noted) 
() (a) Two funetiona of ALU are 
\ Haaed on the control aignala, he ALU cares out various arithmatia operations jike 
addition, subtradtion, multiplication, or diviaion 
2 [Eats carton oul various logical operations on data like AND, OF, NOT operations 
(b) Short Note on Lager Printer 
Laaor printers are nonsimpaol printers that use dry Ink for printing, tt can print both text and 
images on paper, During the printing process a laser beam ia used to charge portions of q 
roller drum coated will a special photoconduoting material, As paper is rolled over the drum, 
city Ink gete deposited on the paper based on the statie charge on the drum, The ink is ther 
bonded onto the paper using heat, 
Both black and white and colour printing Gan be done using a laser printer, 
(c) Short Note on Barcode Reacor : 
A bareode reader ia an input device that is Used to sean product Information from product 
labels. The Information on a barcode usually contains the product 1D, price, name, 
Manufacturers ato, 
A standard barcode consists of a number of parallel light and dark lines / bars of variable 
width, The code is read optically using & spacial scanner. Two types of barcode systems 
avallablo are UPC (Unilorm Product Code) and EAN (European Article Number). 
oR | 
(a) 3 characteristics of 2nd generation of computors are | 
1. These computers used transistors | 
2, Those computers produced much loss hoat compared to first generation of computes, 
3. Those computers were faster than first generation computers. 


1, Represents the raw material on which the | 1. Represents the processed raw maternal, 
computer works, 
2 It is the starting material of data] 2. itis the end product of Alata proposing, 
processing. 


(b) 


(c) Short Note on DVD : 
DVD stands for Digital Versatile Disk or Digital Video Disk. ILis an optical secondary storage 
modium, DVD's are available as single layer with 4.7 GB capacity and dual layer OVO with 
8,54 GB capacily. Dimonsion wise a DVD is 12 cm in diameter. It uses a G50 nanometer _ 
laser ray 10 road data from a DVD. Data is written on a DVD using the same technique of 
land and pit a8 used in a CD, It is available as both read-only and read-write form, 
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peumes 


w@ 86 12D Fiq 


- iN 

0001 0010 1010 0111, 0OOT O01) 
Ans : (1001010100111,00010011)) 
@ 11 

10: th tg 

#110 ft, 

11000 
Ans : (11000), 


OR (a) 1101 - 1001 | 
= 1101 + (1's comp, of 1001) 1101 
= 1101 + 0110 Oto" 
Moor 
Ans : (100), bos ly 
100 


(b) The ASCII code is used for representing characters in a compulet ayatem, The full form of 
ASCII is American Standard Code for Information Interchange, 
It uses 7 bits to encode each character. 
For example : 
ASCII values 65 to 90 represent the capital alphabets A to Z and ASCII values 97 to Tee 
represent the lower case alphabets a to 2. 

(c) The Gray code of (1101), is : 
93 9o 94 Go 
1, 101, 160, 0e1 he, (1011). 

(iii) (a) Any logic gate can be formed using a NOR gate. Hence a NOR gate is called an universal gare 


NOT gate ; A x 
A 


AND gate: A 
AB 
B 
OR gate : A 
B A+B 
(b) Truth table of full subtractor : x yz 
y 
0 0 
0 0 Dit, 
0 1 
0 1 
1 0 
1 0 Bore, 
i 1 
1 1 
PLQSL 


§21 


Part | 
simplify F=(A+B+C)(A+B+C)(A+B+C\A+B+C) 

= (AA+B+C).(AA+B+C) [(X + Y) (X + Z) =X + YZ] 
[As (X + Y) (X + Z) =X + YZ] 


(c) 


= (B+C)(B+C) 
=B+cC I[cCc=o0l 
= B Ans. 
(iii) OR 
(a) 4: 1 MUX C, Gy 


\ Output 


(b) F = (A+B).(A+B) 
=AA+AB+AB+BB 
=ABsAB IAS. X.X= 0] 
= (AB).(AB) (Using de Morgan's Theorem) 
= (A+B).(A+B) 
= AA+AB+AB+BB 
= AB+AB [As xX.X = 0) Ans. 


(c) Let us consider the following truth table 


If we take the min term m, and the corresponding max term M,. Then : 
M,=A+8B 
Mo=A+B = A.B =M 
Similarly if we take the max term Mz then : 
M, = A+B 
Mz=A+B = A.B =m, 
Hence SOP = POS. 

(iv) (a) A time sharing OS allows various users to share the total available time of the CPU memory 
and other resources of the computer system. Time sharing is the process by which many 
users can simultaneously use a computer system such that each user is given the impression 
that he is using his own computer. 
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(v) (a) 
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{c) 


ents of Computer Science 


Question 
Examples of such systems are VAX / VMX and UNIX workstations 


Virtual memory is a memory management scheme that allows the execution of Process even 
in case of insufficient free main memory. To do this a portion of the memory of a high speed 
secondary storage device like a hard disk is used along with the main memory. The operating 
system uses this secondary memory as an additional memory area to the main memory 


The attrib command in DOS is used to set the attribute for a file. The options available with 
ATTRIB are 


+a for archive file 

+r for read file 

+s for system file 

+h for hidden file 

eg. c.\> ATTRIB +r +a mydata.txt 


A batch file is used to group several commands into a file with the extension .bat. When the 
batch file is executed, the commands in the batch file are executed one by one without any 
human intervention. The EDIT command in MS DOS can be used to create a Batch file, 


A CPU may have multiple independent processors that work in parallel. Such computer systems 
are required for advanced scientific research and commercial application which require a great 
deal of processing power. An operating system that supports such a hardware configuration and 
helps to share the computer resources is called a multiprocessing operating system. 


Example includes VAX / VMS and UNIX workstations. 


Wildcard characters make it easy to deal with a set of files and directories with a single 
command. It also helps one to search for files even if the file name is not known exactly. 


UNIX uses three types of wild card characters. These are : 
1. * is used to represent any number of characters 

2. 2 is used to match a single character 

3. [ ] is used to match specific character 


In an entry controlled loop the loop condition is checked at the beginning of the loop. A while 
loop is an example of an entry controlled loop. 


eg. inti= 1; 
while (/ < = 10) 
{ printf (“\n %d", i); 


i++; 
) 
2519 & 1919 2|25 2|19 
= (11001), & (10011), 2|12 rem 2] 9 rem 


1 1 
=11001 Ae = =a 2| 4 1 
Ao Vis Ae ~ 0 2,2. 0 
10001 Ae ala 8 
0 1 0 1 


= (10001), Ans. [Out of syllabus] 
# include <stdio-h) 
void main ( ) 
{ int num, digit, rev = 0, copy; 
printf (‘\n Enter number :”); 
seanf (“%d", &num); 
copy = num; 
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QUESTIONS OF ANNUAL EXAMINATION, 2018 
COMPUTER SCIENCE 
CLASS-XI 
(PRACTICAL) 
NEW SYLLABUS 


rime 8 hours] {Full Marks ; 40) 


Special credit will be given for answers which are brief and to the point 
Marks will be deducted for spelling mistakes, untidiness and bad handwriting 
Figures in the margin indicate full marks for the questions, 


General Instructions : 


+ There are 4 (four) groups. Group-A contains 4 (four) questions, Group-f contains 2 (two) parts, enek 
containing 4 (four) questions. You have to answer | (one) question from Group-A and J (one) ques 
tion from each part of Group- 

» Write all the steps in your answer-seript which you have performed with the computer 

« Print all files, ifn 
output in your answer 

«Make suitable assumptions, if any, and tabulate them 


le, otherwise write all files with partial data input and 


GROUP-A 

Answer any one from the following questions : 5*185 
1, Carry out the following using the Windows operating system + 

a) Rename any one existing folder of Desktop, 

b) Convert all files and folders into ‘Tiles’ view of any one drive. 

c) Change the Desktop Background, 

da) Find out the files having ‘txt’ file extension name of any drive. I+] +142 
2. a) Create a folder ‘Games’ on the Desktop. Inside this folder create three more folders 


namely ‘Cricket’, ‘Football’ and ‘Tennis’. 
b) Delete the ‘Football’ folder and again retrieve the folder at its original position, 3 +2 
3. Using Unix/Linux operating system commands, create the following tree + 5 


Hyderabad 
Ramoji Film Cit 


Mumbai 


Howrah Bridge) (Gateway of India 


Here boxes are denoting directories and oval-shapes are files, 


4. a) Show the list of all current users using Unix/Linux command. 
b) Create a file named ‘INDIA’ which will contain “I love my country” using suitable 
command in Unix/Linux. 

ts) By using Unix/Linux command, show the present working directory and system date. 

1+#2+2 

GROUP-B 
PART-1L 
Sxl*5 


Answer any one from the following questions : 
* Algorithm / Flow chart : 2 
* Program coding in ‘C’ language ; 2 
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Part 


Answer any one from the following questions : 


1. 


nN 


. Write a ‘C’ program which can print the following series : 


Execution and output : 1 
Write a program in ‘C’ language to check an integer number whether it is even or odd. The 


number should be given as input except zero : 
Write a ‘C’ program to take two strings as input and concatenate them. 5 
Write a program in ‘C’ language to check an integer number whether it is prime or not 
The number will be taken as input 

Write a program in ‘C’ language to make the following pattern : 


se eH 
ad 
* 
* 


PART-II 


Algorithm / Flow chart : 4 
Program coding in ‘C’ language : 4 
Execution and results : 2 


Write a program in ‘C’ language, which will take an array of 5 numbers and find out the 
largest and smallest numbers of that array. a 


0, 1, 1, 2, 3, 5, ...., n (Fibonacci series) 
Value of n will be inputted from user. 


Write a program in ‘C’ language to convert all the lower case letters in a sentence tor 
corresponding upper case letters. 


. Write a program in ‘C’ language to add two 3 x 3 matrices and store into another matrix ang 


as well as display. 19 


GROUP-C 
Laboratory notebook 


on 


GROUP-D 


Viva-voce 


ow 
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QUESTIONS OF ANNUAL EXAMINATION, 2018 
COMPUTER SCIENCE 
CLASS-XI 
NEW SYLLABUS 


rime 3 Hours 15 minutes] {Full Marks : 70] 


Special credit will be given for answers which are brief and to the point. 
Marks will be deducted for spelling mistakes, untidiness and bad handwriting. 
Figures in the margin indicate full marks for the questions. 


GROUP-A 
3, Answer the following questions : x 2r= 91 
i) The technology of second generation computer is 
a) Transistor b) Ic c) VLSI d) LSI. 
ii) Magnetic tape is an . . device, 
a) Input b) Output c) Processing dd) Memory 
ii) (32), +156), = (?), K 
a) 121 b) 110 c) 88 d) 1001000. 
iv) ASCII value of A is 
a) 97 b) 35, c) 65 d) 90. 
y) The value of A + A = ? ( Using Boolean Algebra ) 
a) 2A b) 1 co d) A. 
vi) The number of minterms for n variables is 
a)n b) rn? c) 2" d) None of these. 
vii) SOP form is one of the 
a) Boolean expression __b) Maxterms 
c) Minterms d) Canonical expression. 
viii) The dual form of the Boolean expression A + C is 
a) A.C - b) A.C c) A.C ad Ac 
ix) A multiplexer circuit with 1 output and 4 inputs is a 
a) 4: 4 multiplexer b) 4; 1 multiplexer 
c) 1: 4 multiplexer d) 1; 1 multiplexer, 
x) How many selection lines are required in 1 x 16 demultiplexer ? 
a)2 b) 8 4 d) 16 
xi) Which of the following will be the output of the expression + F = X + XY ? 
a)1 b) X c) Y d) 0. 
xii) which of the following DOS commands is External ? 
a) MD b) TYPE c) EDIT d) DATE. 
xiii) The UNIX command used to rename a file is 
a) rd b) ep c) mv d) ls. 
xiv) Which of the following is not a system defined header file in C-language ? 
a) stdio,h b) conio.h c)math.h — d) function.h 
xy) Which of the following functions display the whole string on the screen in C-language ? 
a) gets( ) b) puts( ) c) scanf() d) None of these. 
xvi) What type of operator is ‘88’ in C-language ? 
a) Logical operator b) Relational operator 
c) Arithmetic operator’ _d) Conditional operator. 
xvii) The memory size of a signed integer will be .. . bit. 
a) 16 b) 8 c)4 d) None of these. 
P1-Q-57 


527 


ield width integer type data as input, what will be the syntax > 
b} scant ("5% d", & a) 


} scant (“%d", & Sa) 
J scanf (°%5 d°, & a) d) scant (“% d5", & a) 
| stores the address of a variable, but not value of another v trinble 
) Array b) String ¢) Pointer d) Punetion 
# include stdio.h 
void main () 
intxe 4 4 
printl (*% d% d% dM 2) 5 


© the output will be 
b) 223 c) 322 d) 233 


xxi) # include < stdio,h > 


void main () 


intx=4 
int*p=&x; 
int*k=p** > 
intr=p-k; 
printi("% ¢,"r); 


Here the output will be 


a) 4 b) 8 c) 1 d) Runtime error. 
GROUP-B 
2. Answer the following questions in brief (Alternatives are to be noted): | « |4=)4 
i) Write two disadvantages of super computer. 
OR 
4 GB = ? bytes. 
ii) (A702), =(?), 
OR 


(10100 ),~(1111),=(?),. 
iii) Write the truth table of 2-input XNOR gate ? 
OR 


Using truth table prove that A+B= A B, 
What do you mean by Multitasking operating system ? 


iv) 

vy) Define variable. 

vi) In C-language what is the significace of ‘break’ statement? 
OR 


What is the function of ‘go-to’ statement in C-language ? 
vii) What is the difference between ‘=" and ‘= =’ in C-language ? 
viii) | What do you mean by exit controlled loop ? 
OR 
Write the syntax of ‘do-while’ loop in C-language. 
ix) Ifx=6 and = 1 then, what will be the value of x >> y=? 
OR 
Write the syntax of ‘switch case’ in C-language. 
x) Why do we use < conio.h > in a C-program ? 
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ats of Computer Science Question 
wim 
xi) What is function prototype ? 
OR 
What is recursion ? 
| xii) Define array. 
OR 
; Write the syntax to define a structure in C-language. 
xii) Leta=5 and b = 2, Write the C code to swap the values of these variables 
without using third variable. 
xiv)  # include < stdio.h > 
int main () 
{ 
int counter ; 
for (Counter = 20; Counter > = 1; Counter — = 2) 
printf (“\n% d”, counter) ; 
) 
return 0 ; 
) 
) 
What will be the output of the above C-code ? 
OR 
What is Post increment ? 
GROUP-C 
3. Answer the following questions (Alternatives are to be noted ) : 7*x5=35 
i) a) Discuss Cache memory in short. 
b Write two characteristics of 5th Generation computer. 
c) Write a short note on OCR. Sate aatee 
Or 
a) Discuss Flash memory in short. 
b) Write two characteristics of Mainframe Computer. 
c) Write a short note on MICR. 3+2+2 
ii) a) Calculate the value of x: 
(x), + (10111 ),= (167), 
b) Find out the BCD code of ( 23)... 
c) Write full form of ISCH and EBCDIC. 3+24+2 
OR 
a) Subtract by using 2’s complement method : 
(110100), -(10111),=(?), 
b) (A6D ),,+(12E),, =(? )ie- 
¢) What is Signed Magnitude Number ? Give example. a 22 
iii) a) Write the truth table of a full adder and find out the logic expressions of it using 
K-map and also draw the logic diagram. 
b) f(A, B, C) = (0, 2, 4, 7), write down the truth table and find out the logic expression. 
(1+3)+3 
OR 
a) Write down the truth table for the following logic function. Simplify it as a product of 


sums form using Karnaugh map. 
fl A, B, C)= 1(1, 3, 5, 6, 7). 
b) Draw the circuit diagram-of Pull adder by using Half Adder. 
c) What is the purpose of enable input in a decoder ? 
iv) a) What is system software ? 
b) Define compiler. 


(Q+2)+2+1 
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vi 


c}) Write two differences between High level language and Low lavel language. 


d) What is a Mnemonic ? 2+2+2+] 
OR 
a) Write down the function and syntax of following UNIX commands : 
CP and Cat. 
b) Write down the function and syntax of the DIR command in MS-DOS. 
(2+2)+2+1 


c) What does an assembler do ? 
a) Write the C program to make the following structure (The number of lines will be taken 


as input): 


o 


1 
1 
13 5 
1k AS) 1 
Write the differences between ‘while’ and ‘do-while’ loop in C-language. 
4+2+1 


What is the function of Putchar( ) ? 
4 OR 
Write a progarm in C-language to check a number is Armstrong or not. 
Differentiate between Local variable and Global variable. 

4+24+1 


What is the function of gets () ? 
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QUESTIONS OF ANNUAL EXAMINATION, 2019 
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{Full Marks : 30) 
Special credit will be given for answers which are brief and to the point, 
Marks will be deducted for spelling mistakes, untidiness and bad handwriting, 
Figures in the margin indicate full marks for the questions. 


General Instructions ; 


Answer any one from the following questions : 


to 


w 


There are 4 (four) groups. Group-A contains 4 (four) questions. Group-B contains 2 (two) parts, each 


containing 4 (four) questions, You have to answer 1 (one) question from GroupA and 1 (one) ques- 
tion from each part of Group-B. 


Waite all the steps in your answer-script which you have performed with the computer 


Print all files, if necessary and possible, otherwise write all files with partial data input and 
output in your answer-script. 


Make suitable assumptions, if any, and tabulate them, 


GROUP-A 


1. Carry out the following using the Windows operating system ; 

a Find all files with the file extension .rtf in your computer. 

bj Create a folder of Desktop and Rename it as ‘COMS PRACTICAL EXAM’, 
c) Sort the files in C drive by name. 2+2+1 
a) Create a.bmp file using the MS-Paint program and then save it on the Desktop as .gif file. 
bj Arrange all icons on Desktop according to their type. 


c) Create an arbitrary file in your Desktop. Send the file to Recycle Bin. Finally retrieve the 
file from Recycle Bin. 2+1+2 


Using Unix/Linux operating system commands, create the following tree : 5 


WEST BENGAL 


Here boxes are denoting directories and circles are files. 

a) Using Unix/Linux command, display all current users of system, 

b) Using Unix/Linux, create a file Test’ containing the sentence “This is a line”. 
©) Make the file ‘Test’ hidden, Enable read and write permission of the file ‘Test’ for ee 


+2 
GROUP-B 
PARTI 
Sxl=5 
Answer any one from the following questions ; 


. 


Algorithm/Flow chart : 2 
Program coding in ‘C’ language : 2 
Execution and output ; 1 
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Part 1 


1 


a 


3. 
4, 


Answer any one from the following questions : 


. Write a C language program to generate ‘Armstrong - Number, 


Write a C program that checks whether an input alphabet is a vowel or consonant. (Check 


both lower case and upper case) 
Write a program in C language to find out the summation of all odd numbers in between | . 
n, where nis a positive integer. After execution, show output. 5 
Write a program in C language to print digits of an inputted number in reverse. 5 
Write a C program to generate the following pattren : 

1 

143 

13 5 

LorSaiSw% 
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PART-II SoMa Toy 


10*1=10 


Algorithm/Flow Chart : 4 
Program coding in ‘C’ language : 4 2 ‘ F 
Execution and results : 2 


| Write a C program to find out the sum of n natural numbers using recursion, where nisa 


positive integer. 10 


_ Write a C program to check whether an inputted string is Palindrome or not without using 


strrev() function. Display appropriate message « as output. 10 
ol? mon sno _ne soaenA 


[A number is Armstrong if the sum of cubes of NZS di its of a number is equal to the 
number itself. e.g. 371 = 3° + 7° + 15] biweeslr iit bat ti 10 
Write a program to generate a Transpose Matrix of a 3 x 3 matrix MEER EES 10 
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QUESTIONS OF ANNUALEXAMINATION, 2019 
COMPUTER SCIENCE 
CLASS-XI 
NEW SYLLABUS 


rime 3 hours 15 minutes | (Full Marks : 70] 
Special credit will be given for answers which are brief and to the point. 
Marks will be deducted for spelling mistakes, untidiness and bad handwriting. 
Figures in the margin indicate full marks for the questions. 
GROUP-A 
1. Answer the following questions : 1*21=21 
i) Alis used in which generation of computer ? 
a) First b) Third 
c) Fourth d) Fifth. 
ji) Which is not a impact printer ?. 
a) Inkjet b) Dot matrix 
c) Line d) Drum. 
iii) What is the Gray code of (101), ? 
a) (101), b) (111), 
¢) (010), a) (110) 
iv) 10's complement of ( 232 ),, is 
a) 786 b) 768 
©} 678 d) 767 
vy) What is the dual of Boolean expression A + BC? 
a) A. BC b) A(B+C) 
c) A(B+ C) d) ABC. 
vi) X.X.1=? 
a)O b) 1 
o) X d) Xx. 


vii) What will be the output of the given logic circuit ? 


nie War 
2—> 


a) A+B b)A.B 
A+B d) A+B. 
viii) How many inputs are there in a decimal to binary encoder ? 
a)2 b)s 
c) 10 d) 16. 
ix) The E notation of SOP expression F(A, B, C)= ABC + ABC + ABC is 
a) X(3, 4, 5) b) Z(1, 2, 4) 
c) £(3, 4, 6). d) Z(2, 5, 7) Ae 
x) There are two XOR gates, two AND gates and one ... .... in a full Adder circuit. 
a) NOR gate b) OR gate 
c) NOT gate d) NAND gate. 2 
xi) In combinational circuit data cannot be stored because there is no here. 
a) OR gate b) NAND gate 
c) Memory d) None of these. 
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xii) Which is Not an Application software ? 
b) Assembler 
d) Spreadsheet 


a) Foxpro 
c) Games 
xiii) ‘The text editor of Unix OS is 


a) ed b) vi 
c) edit dj notepad 
xiv) How many relational operators are there in C ? 
ays b) 4 
c) 6 dj 8 
xv) What will be the output of the following C-code ? 
intx = 2; 
print! (“Yd %d %d", x, "xX ) 
a) 443 b) 22 
ce) 224 d433 
xvi) The library function to add two strings in C are 
a) stremp () b) Strlen () 
c) Strstr () d) Streat (). 
xvii) Which one of the following stores the address of the variable not value ? 
a) Array b) String 
c) Pointer d) Function. 
xviii) Which header file is included for clrser () and getch () functions ? 
a) math.h b) Stdio.h 
c) stdlib.h d) conio.h 
xix) int 7; 
for(i=O;1<=4;) 
printf (“%d", * i) — the output is 
a) 0123 b) 12345 
c) 1234 d) 123. 
xx) Char X[] = “A"; Which statement is correct for this array ? 
a) X[0]=“A” b) X = “ABC” 
c) X[ 1] = “A” d) X=“A" 
xxi) _... is used to take user input through keyboard in C. 
a) printf b) scanf 
c) print d) scan. 
GROUP-B 
1, Answer the following questions in brief (Alternatives are to be noted): 1%*14=14 
i) Name the technology used in second generation computers. 
‘ OR 
What is the use of Drag and Drop in mouse ? 
ii) (10.01), * (1.01), =(?), 


OR 
(- 10110), — express it in 1’s complement form of 8 bit. 


iii) Prove that A+B = A-B. 
OR 


Write the truth table of Half subtractor. 
iv) What do you mean by Time Sharing operating system ? 
OR 
What are the wild card characters of DOS ? 
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iments of Computer Science Question 


gud 
y) Write two characteristics of flowchart ? 
OR 
What is algorithm ? 
yi) What is the range of value storing of int data type in C ? 
OR 
Wnite the statement for printing 1 to 10 numbers ? 
vii) What is the difference between ‘a’ and “a” in C ? 
| viii) What will happen if there is no stopping condition in recursive function ? 
OR 
Write the difference between Normal function and Recursive function in C ? 
| ix) What will it mean if strlen () function returns zero value in C ? 
OR 
| Write down the correct statement ? 
I i) Char var = “A” ; 
ii) float arr a {15}; 
t| x} Ifa= 30, b = 40, then write the C-code to interchange the values of a and b without using a 
third variable. 
xi) What will be the output of (“%5.3 f” , 125.11) ? 
OR 
What do you mean by call by reference ? 
xii) Give an example of array of structure ? 
OR 
Write one difference between while and do-while loop. 
xm) intx=l,y=1; 
if(n>0) 
x=x+1; 
y=y-l; 
printf (“%d %d" , x, y); 
What will be the values of x, y ifn = 1? 
xiv) Which signs or operators are used for using pointer variables ? 
OR 
Ifa=20 and P= &a, then what will be the value od * p+ 1? 
GROUP-C 
3 3. Answer the following questions (Alternatives are to be noted) : 7*5=35 
(i) (a) Write two differences between Calculator and Computer. 
{b) Write a short note on Laser Printer. 
{c} Write the differences between SRAM and DRAM. 24+24+3 
OR 
{a) Write down two characteristics of Third Generation computers. 
(b) Write the differences between internal bus and external bus. 
(c) There are 20 disc plates in a hard disk. There are 100 tracks in each plate, 25 sectors 
in each track and 5 kB of data in each sector, What is the capacity of the herd sie 
+24 
(ii) (a) (563), + (486), = (?), 
(b) (BCE),, + (17D),, = (?),, 5 
(c) Subtract : (111111100), - (537), er 


OR 
{a) Subtract using 2’s complement : 
(1011.01), ~(101.01), 
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Part 1 


(b) 
(c) 
(ni)(a) 
(i) 
(ii) 
(b) 
(c) 


(a) 


(b) 
{iv) (a) 
(b) 
(c) 


(a) 
(b) 
{c) 


(v) (2) 
(b) 
(c) 


(a) 


(b) 
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What is the equivalent BCD of (754),, ? 

Write the differences between ASCII and EBCDIC ? 34249 

Y= AB+AB 

Draw the truth table of the given boolean expression. 

Draw the logic diagram using only NAND gate of the given boolean expression, 

Write two functions of Encoder, 

Draw the truth table of the 4 * 1 MUX (L+2)+249 
OR 

Draw the truth table and evaluate the logic expression of 

F(A, B, C) = £(0, 2, 4, 7). 

Simplify using K-Map : F(A, B, C)= ABC + ABC + ABC. 443 

Write the differences between System software and Application software. 

What is Compiler ? Write the names of two languages where compiler is used, 

What is Mnemonics ? 2+(2+2)+1 
OR 

Write a short note on Loader, 

What is the function of Virtual memory ? 


What is the function of ls and Cp command in Unix (with example)? 2+2+(1 t+ih 


Write a C program to print fibonacci series (using Recursive function). 
Write the differences between ‘break’ and ‘continue’ statement in C. 


Write one advantage of using flowchart. 4+2+1 
OR 
Write a C program to print the following pattern. 
* 
* * 
* * * 
* * * * 

4+3 
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ing tothe newly revised bifurcated 
scribed’ by the West Bengal Council for 


ritten-in a-lucid; easy to Understand fanguage suitable for 
tudents in the plus 2 level, 


lus formatting and pictorial techniques used throughout the book 
etormake the Searching of important topies an easy process 


Pie Extensive exercises provided at the end ofeach chapter to make the learning 
+= experience more fruitful rif 


More than 150 worked-out Programs done using C and the working of each 
program explained:with the help of vatious diagrams and possfble outputs 


Common logical‘and syntactical errors while writing a Pregram have been 
treated and illustrated separately at the end of each-ehapter on C 


Chapter-summary, given at the end of each chapter to help in recapitulation 
General index'provided-at the end of the book to help find any topic easily 


=== Various useful appendixes srovided at the end of the book that include: 
= The ASCII character set 

Listtof DOS and UNIX commands 

List of C commands 

A Program List that covers all'the worked-out programs in the book 

List of various Acronyms used in the book 

List of tables dealing with various differences and comparisons 


>o aos ® 


A.set of theory and practical examination question Papers of the previous 
years of WBCHSE class 11 examinations provided at the end of the book 
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